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(54) Synchronisation in MC-CDIVIA systems 



(57) A reception step receives a nriulticarrier signal 
containing subcarriers, at least one of which a synchro- 
nization signal is transmitted therein, multiplied only by 
a synchronization signal spreading code, a correlation 



detection step detects correlation values between the 
received multicarrier signal and replicas of the synchro- 
nization signal, and a timing detection step detects a 
FFT timing and a long code received timing according 
to the correlation values. 
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Description 

FIELD OF THE INVENTION 



[0001 J The present invention relates to a transmission 

CDMA (Code Division Multiple Access) communication 
system. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0002] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Appii- 
cations No.2000-337992, filed on November 6th, 2000 
and No.2001. 258451. filed on August 28th. 2001- the 
entire contents of which are incorporated herein by ref- 
erence. ' 

BACKGROUND OF THE INVENTION 

[0003J Hereinafter, the term "scrambling code" in this 
specification is equivalent with the temi "long code" in 
the claim. " 

[0004] Multi-carrier transmission system such as mul- 

OFDM (Orthogonal Frequency Division Multiplexlno) 
modulates a source Infoimatlon signal with a plurality of 
subcarriers and Inserts guard intervals (GIs) to modu- 
lated signal in order to reduce waveform distortion due 
to multiple delayed-paths. 

[00061 FIG. 1 shows a conventional transmitter 1000 
for IWulticarrier CDMA (refers to ■(\/1C-CDH/lA' hereinaf- 
ter) systems. The transmitter 1000 provides a plurality 
of data channel generation circuit 100. In each data 
channel generation circuit 1 00, a transmission data gen- 
erator 101 generates a transmission data sequence An 
encoder 102 encodes the generated data sequence A 
data modulator 103 modulates the encoded data se- 
quence. The modulated data symbol sequence is mul- 
Iplexed with a pilot by a multiplexer 1 04. A serial-paral- 
lel converter 105 converts the multiplexed symbol se- 
quence Into a sequence of N/SF symbols allocated 
along a frequency axis. 

(0006] A copier 1 06 copies each of the sequence of 
N/SF symbols so that a total length of the copies is equal 
to a period of the short code. A short code generator 
107 generates the short code uniquely assigned for 
each subscriber. The copies allocated along the fre- 
quency axis are multiplied with the short code by multi- 
pliers 108, respectively. 

[0007] A combiner 109 combines the outputs from 
each data channel generation circuit 100.1-100 x and 
outputs N combined signals. The N combined symbols 
are respectively input to other multipliers 1 1 1 . A scram- 
bling code generator 110 generates a scrambling code 
(a long code) and outputs to respective multipliers ill 
Each multiplier 111 multiplies the respective combined 
signals with the scrambling code, to provide N symbols 



scrambled by the scrambling code. 
[0008] An IFFT unit 113 carries out inverse fast Fou- 
ner transform to the N combined symbols and trans- 
fomis into an orthogonal multlcarrier signal A Gl adder 
* 11 4 inserts guard Intervals to the transformed multicar- 
ner signal. This multicanier signal is transmitted as a 
wireless signal. 

[0009] A receiver for MC-CDMA system receives the 
multicarner signal transmitted from the transmitter 
removes the Gis from the multlcarrier signal. The recei^ 
er further can-ies out FFT (Fast Fourier Transform) to 
separate the received multicaiTler signal into the N sub- 
camer components and recovers the original data se- 

,5 1'"!"'!!;^^^°'* '=^'■'^'"9 Ihe receiver must de- 

'= tect FFT timing. 

[001 0] To detect the FFT timing, the OFDM employs 
a technique by using a correlation characteristic of a 
guard interval. This technique Is disclosed In "A Simul- 
taneous Estimation of Symbol Synchronization and Fre- 
^ quency Offset of Multlcarrier Modulation Signals" bv 
Mori, Okada. Hara, Komaki, and Morinaga in lEICE 
Technical Reelement RCS95-70, pp. 9-16 (1995-09) 
Another technique is proposed that transmits a timing 
detection signal twice, and on a receiver side, detects a 
correlation between two symbols. This technique is dis- 
closed in "Study on Synchronization Method for Hlah- 
Speed Wireless LAN OFDM System" by Onlzawa Ml- 
zoguchi, Kumagai, Takanashl. and Morikura in lEICE 
Technical Reelement RCS97-210, pp 137-142 
30 (1998-01). iJ/- 

[0011] In MC-CDMA systems, each subscriber Is 
Identified according to a short code allocated to each 
subscnber. Therefore, multiple subscribers may slmul- 
taneousiy cariy out communications in the same fre- 
35 quency band. 

fh° mIL ^'1."'°'"'^ communication system employing 
tl^e MC-CDMA must employ scrambling codes to Iden 
tify respective base stations. Therefore, the receiver for 
the multlcarrier CDMA system must be able to identify 
a scrambling code as well as to detect a FFT timinq 
Accordingly, each mobile station must detect correla- 
ftons in connection with all scrambling codes prepared 
by the system and detect a scrambling code related to 
a signal from a base station to which the mobile station 
must be connected. Forflexible allocation of scrambling 
codes or each base station, the system must prepare 
several hundreds of scrambling codes. This raises a 
problem that a mobile station must spend long time to 
detect a proper scrambling code before starting com- 
munication With a target base station. Studies on the 
multlcarrier CDMA, however, are mostly related to the 
evaluation of link levels, and none are related to the 
Identification of scrambling codes. 

» SUMMARY OF THE INVENTION 

[001 3] In order to solve the problems set forth above 
an Object of the present Invention Is to provide a trans- 
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mission technique and a receiving technique for a mo- 
bile communication system of MC-CDMA using scram- 
bling codes capable of correctly detecting a specific 
scrambling code on a receiver side at high speed. 
[0014] Another object of the present invention is to 
provide a signal receiving technique for a mobile com- 
munication system of MC-CDfvlA using scrambling 
codes capable of determining a received timing of a syn- 
chronization signal from an optimum cell by providing 
plural candidates for an optimum base station. 
[0015] In order to accomplish the objects, a first as- 
pect of the present invention is a transmitter of multicar- 
rier signal for a mobile communication system, compris- 
ing: a data channel generator multiplying a plurality of 
transmission data sequences by a plurality of short 
codes, respectively; a long code multiplier multiplying 
the plurality of transmission data sequences multiplied 
by the plurality of the short codes by a common long 
code, respectively; a synchronization signal generator 
multiplying a transmission data sequence for synchro- 
nization signal only by a spreading code for synchroni- 
zation signal; and a transmission element transmitting, 
by using a plurality of subcarriers, the transmission data 
sequences doubly multiplied by the short code and the 
long code, and transmitting the synchronization signal 
multiplied only by the spreading code for synchroniza- 
tion signal. 

[0016] A second aspect of the present invention is a 
multlcarrier signal transmission method for a mobile 
communication system, comprising: transmitting, by us- 
ing a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code; and trans- 
mitting, by using one for a plurality of subcarriers, a syn- 
chronization signal multiplied only by a spreading code 
for synchronization signal. 

[001 7] A third aspect of the present invention is a re- 
ceiver of multicam'er signal for a mobile communication 
system, the system transmits, by using a plurality of sub- 
carriers, a data sequence doubly multiplied by a short 
code and a long code chosen from a long code group, 
comprising: a receiving element receiving the multlcar- 
rier signal containing the subcarriers, at least one of 
v/hich a synchronization signal is transmitted therein, 
multiplied only by a spreading code for synchronization 
signal; a correlator detecting correlation values between 
the received multlcarrier signal and a synchronization 
signal replica; and a timing' detector detecting an FFT 
timing and a received timing of long code according to 
the con-elation values. 

[0018] A fourth aspect of the present Invention Is a 
receiver of multlcarrier signal for a mobile communica- 
tion system, the system transmits, by using a plurality 
of subcarriers, a data sequence doubly multiplied by a 
short code and a long code chosen from a long code 
group, comprising: a receiving element receiving the 
multlcarrier signal containing the subcarriers, at least 
one of which a synchronization signal is transmitted 
therein, multlpliedonly by a spreading code for synchro- 



nization signal; a first correlator detecting correlation 
values between the received multlcarrier signal and syn- 
chronization signal replicas; a timing detector detecting 
an FFT timing and a received timing of long code ac- 

5 cording to the correlation values; an FFT unit carrying 
out FFT at the detected FFT timing, to separate the re- 
ceived multlcarrier signal into a plurality of subcarrier 
components; a second correlator detecting, at the de- 
tected received timing of long code, correlation values 

10 between the subcarrier components and a plurality of 
replicas of data sequence doubly multiplied by a short 
code and each long code chosen from a long code 
group; a code detector detecting, according to the de- 
tected correlation values, a long code that Is scrambling 

IS the received multlcan'ler signal; and a demodulation cir- 
cuit demodulating the data sequence from the received 
multlcarrier signal by using the received timing of long 
code and the long code. 

[0019] A fifth aspect of the present invention is a re- 

20 ceiver of multlcarrier signal for a mobile communication 
system, the system transmits, by using a plurality of sub- 
carriers, a data sequence doubly multiplied by a short 
code and a long code chosen from a long code group, 
comprising: a receiving element receiving the multicar- 

25 her signal containing, the subcarriers , at least one of 
which a synchronization signal is transmitted therein, 
multiplied only by a spreading code for synchronization 
signal; a subcarrier separator carrying out FFT opera- 
tions at a plurality of FFT timing candidates to separate 

30 the received multlcarrier signal into a plurality of subcar- 
rier components; a correlator detecting correlation val- 
ues between the subcarrier components that carry the 
synchronization signal and a synchronization signal rep- 
lica; and a timing detector detecting a received timing of 

35 long code and an FFTtiming according to the correlation 
values. 

[0020] A sixth aspect of the present invention is a re- 
ceiver of multlcarrier signal for a mobile communication 
system, the system transmits, by using a plurality of sub- 

40 carriers, a data sequence doubly multiplied by a short 
code and a long code chosen from a long code group, 
comprising: a receiving element receiving the multlcar- 
rier signal containing the subcarriers, at least one of 
which a synchronization signal is transmitted therein, 

45 multiplied only by a spreading code for synchronization 
signal; a subcarrier separator carrying out FFT opera- 
tions at a plurality of FFT timing candidates to separate 
the received multlcarrier signal into a plurality of subcar- 
rier components: a first correlator detecting correlation 

50 values between the subcarrier components that carry 
the synchronization signal and a synchronization signal 
replica; a timing s detecting a received timing of long 
code and an FFT timing according to the correlation val- 
ues; an FFT unit canying out FFT operation at the de- 

55 tected FFT timing to separate the received multicarrier 
signal into a plurality of subcarrier components;, a sec- 
ond correlator detecting, at the detected received timing 
of long code, correlation values between the subcarrier 
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components and a plurality of replicas of data sequence 
doubly multiplied by a short code and each long code 
chosen from a long code group; a code detector detect- 
ing, according to the detected correlation values a long 
code that Is scrambling the received multicarrier signal- 
and a demodulation circuit demodulating the data se- 
quence from the received multicarrier signal by using 
the received timing of long code and the long code 
[0021] A seventh aspect of the present invention is a 
receiver of multicarrier signal for a mobile communica> 
tion system, the system transmits, by using a plurality 
of subcarriers, a data sequence doubly multiplied by a 
short code and a long code chosen from a long code 
group, comprising: a receiving element receiving the 
multican-ier signal containing the subcarriers . at least 
one of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for synchro- 
nization signal; a subcanier separator separating the re- 
ceived multicarrier signal into a plurality of subcarrier 
components; a correlator detecting correlation values 
between the subcarrier components that carry the syn- 
chronization signal and a synchronization signal replica- 
and a timing detector detecting a received timing of long 
code according to the correlation values. 
[0022] A eighth aspect of the present invention Is a 
receiver of multicarrier signal for a mobile communica- 
tion system, the system transmits, by using a plurality 
of subcam-ers, a data sequence doubly multiplied by a 
short code and a long code chosen from a long code 
group, comprising: a receiving element receiving the 
multicarrier signal containing the subcarriers , at least 
one of which a synchronization signal is transmitted 
therein, multiplied only by aspreading code forsyncHro- 
nization signal; a subcarrierseparator separating the re- 
ceived multicarrier signal into a plurality of subcarrier 
components; a first correlator detecting correlation val- 
ues between the subcarrier components that carry the 
synchronization signal and a synchronization signal rep- 
lica; and a timing detector detecting a received timing of 
long code according to the correlation values; a second 
correlator detecting, at the detected received timing of 
long code, correlation values between the subcarrier 
components and a plurality of replicas of data sequence 
doubly multiplied by a short code and each long code 
chosen from a long code group; a code detector detect- 
ing, according to the detected correlation values, a long 
code that Is scrambling the received multicarrier signal: 
and a demodulation circuit demodulating a data se- 
quence from the received multicarrier signal by using 
the received timing of long code and the long code. 
[0023] A ninth aspect of the present invention is a re- 
ceiver of multican^ier signal for a mobile communication 
system, the system transmit, by using a plurality of sub- 
carriers, a data sequence doubly multiplied by a short 
code and a long code chosen from a long code group, 
comprising: a receiving element receiving the multicar- 
ner signal containing the subcarriers , at least one of 
which a synchronization signal is transmitted therein 



multiplied only by a spreading code for synchronization 
signal; a subcarrier separator carrying out FFT opera- 
tions at a plurality of FFT timing candidates to separate 
the received multicarrier signal Into plural groups each 
5 of which contains a plurality of subcarrier components; 
a first correlator detecting correlation values between 
the subcan-ier components that carry the synchroniza- 
tion signal and a synchronization signal replica for each 
groups of subcarriers; a timing detector detecting a plu- 
^0 rality of received timing candidates of a long code; a sec- 
ond correlator detecting, at each received timing candi- 
date of the long code, correlation values between the 
subcarrier components and a plurality of replicas of data 
sequence doubly multiplied by a short code and each 
IS long code chosen from a long code group; a code can- 
didate detector detecting, according to the detected cor- 
relation values, a plurality of candidates of long code for 
scrambling a multicarrier signal; a Uming and code de- 
tector detecting a received timing of long code among 
20 the received timing candidates and detecting a long 
code among the candidates of long code; and a demod- 
ulation circuit demodulating the data sequence from the 
received multicarrier signal by using the received timing 
of long code and the long code. 
^5 [0024] A tenth aspect of the present invention is a re- 
ceiver of multicarrier signal for a mobile communication 
system, the system transmits, by using a plurality of sub- 
carriers, a data sequence doubly multiplied by a short 
code and a long code chosen from a long code group 
30 comprising: a receiving element receiving the multicar- 
rier signal containing the subcarriers . at least one of 
which a synchronization signal is transmitted therein, 
multiplied only by a spreading code for synchronization 
signal; an FFT timing detector detecting a correlation for 
35 a guard Interval of the received multicarrier signal, to 
detect an FFT timing; a subcarrier separatorcarrying out 
FFT at the detected FFT timing to separate the received 
multicarrier signal into a plurality of subcan-ier compo- 
nents; a correlator detecting correlation values between 
40 subcarriers that carry a synchronization signal among 
the separated subcarriers and a synchronization signal 
replica; andatiming detector detecting a received timing 
of long code according to the correlation values. 
[0025] A eleventh aspect of the present Invention is a 
45 receiver of multicarrier signal for a mobile communica- 
tion system, the system transmits, by using a plurality 
of subcarriers, a data sequence doubly multiplied by a 
short code and a long code chosen from a long code 
group, comprising: a receiving element receiving the 
so multicarrier signal containing the subcan-iers . at least 
one of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for synchro- 
nization signal; an FFT timing detector detecting a cor- 
relation for a guard interval of the received multicarrier 
55 signal, to detect an FFT timing; a subcarrier separator 
carrying out FFT at the detected FFT timing to separate 
the received multicarrier signal Into a plurality of subcar- 
rier components; a first con-elator detecting correlation 
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values between subcarriers that carry a synchronization 
signal among the separated subcarriers and a synchro- 
nization signal replica; a timing detector detecting a re- 
ceived timing of long code according to the correlation 
values; a second correlator detecting, at the detected 
received timing of long code, correlation values between 
the subcarrier components and a plurality of replicas of 
data sequence doubly multiplied by a short code and 
each long code chosen from a long code group; a code 
detector detecting, according to the detected correlation 
values, a long code that is scrambling the received mul- 
ticarrier signal; and a demodulation circuit demodulating 
the data sequence from the received multicanier signal 
by using the received timing of long code and the long 
code. 

[0026] A twelfth aspect of the present invention is a 
multicarrier signal receiving method for a mobile com- 
munication system, the system transmits, by using a 
plurality of subcarriers, a data sequence doubly multi- 
plied by a short code and a long code chosen from a 
long code group, comprising: a receiving step of receiv- 
ing the multicarrier signal containing the subcarriers , at 
least one of which a synchronization signal is transmit- 
ted therein, multiplied only by a spreading code for syn- 
chronization signal; a correlation detection step of de- 
tecting correlation values between the received multi- 
carrier signal and synchronization signal replicas; and 
a timing detection step of detecting an FFT timing and 
a received timing of long code according to the correla- 
tion values. ' 

[0027] According to a thirteenth aspect of the present 
invention, a method as in the twelfth aspect of the 
present invention further comprises: a separation step 
of carrying out FFT at the detected FFT timing, to sep- 
arate the received multicarrier signal into a plurality of 
subcarrier components; a correlation detection step of 
detecting, at the detected received timing of long code, 
correlation values between the subcarrier components 
and a plurality of replicas of data sequence doubly mui> 
tiplied by a short code and each long code chosen from 
a long code group; and a code detection step of detect- 
ing, according to the detected correlation values, a long 
code that is scrambling the received multicarrier signal. 
[0028] A fourteenth aspect of the present invention is 
a multicarrier signal receiving method for a mobile com- 
munication system, the system transmits, by using a 
plurality of subcarriers, a data sequence doubly multi- 
plied by a short code and a long code chosen from a 
long code group, comprising: a receiving step of receiv- 
ing the multicarrier signal containing the subcarriers , at 
least one of which a synchronization signal Is transmit- 
ted therein, multiplied only by a spreading code for syn- 
chronization signal; a separation step of separating the 
received multicarrier signal into a plurality of subcarrier 
components; a correlation. detection step of detecting 
correlation values between the subcarrier components 
that carry the synchronization signal and a synchroni- 
zation signal replica; and a timing detection step of de- 



tecting a received timing of long code according to the 
congelation values. 

[0029] A fifteenth aspect of the present invention is a 
multicarrier signal receiving method for a mobile com- 

5 munication system, the system transmits, by using a 
plurality of subcarriers, a data sequence doubly multi- 
plied by a short code and a long code chosen from a 
long code group, comprising: a receiving step of receiv- 
ing the multicarrier signal containing the subcarriers , at 

10 least one of which a synchronization signal is transmit- 
ted therein, multiplied only by a spreading code for syn- 
chronization signal; a separation step of carrying out 
FFT on the received multicarrier signal at a plurality of 
FFT timing candidates, to separate the received multi- 

'5 earner signal Into a plurality of subcarrier components 
for each FFT timing candidate; a first correlation detec- 
tion step of detecting correlation values between the 
subcarrier components that carry the synchronization 
signal and a synchronization signal replica; a timing de- 

20 tection step of detecting a received timing of long code 
according to the con-elation values; a second correlation 
detection step of detecting, at the detected received tim- 
ing of long code, correlation values between the subcar- 
rier components and a plurality of replicas of data se- 

25 quence doubly multiplied by a short code and each long 
code chosen from a long code group; and a timing and 
code detection step of detecting an FFT timing, a re- 
ceived timing of long code, and the long code that is 
scrambling the received multicarrier signal according to 

30 the detected correlation values for each of the. FFT tim- 
ing candidates in the second correlation detection step. 
[0030] A sixteenth aspect of the present invention is 
a multicarrier signal receiving method for a mobile com- 
munication system, the system transmits, by using a 

35 plurality of subcarriers, a data sequence doubly multi- 
plied by a short code and a long code chosen from a 
long code group, comprising: an FFT timing detection 
step of detecting a correlation for a guard interval of a 
received multicarrier signal, to detect an FFT timing; a 

40 separation step of carrying out FFT at the FFT timing, 
to separate the received multicarrier signal into a plural- 
ity of subcarrier components; a correlation detection 
step of detecting correlation values between subcarriers 
that carry a synchronization signal among the separated 

45 subcarriers and a synchronization signal replica; and a 
timing detection step of detecting a received timing of 
long code according to the correlation values. 
[0031] According to a seventeenth aspect of the 
present invention, a method as in the sixteenth aspect 

50 of the present invention further comprises: a correlation 
detection step of detecting, at the detected received tim- 
ing of long code, correlation values between the subcar- 
rier components and the data sequence doubly multi- 
plied by the short code and the long code chosen from 

55 the long code group; and a code detection step of de- 
tecting, according to the detected correlation values, a 
long code that is scrambling the received multican^ier 
signal. 
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[0032] A eighteenth aspect of the present invention Is 
a receiver of muWcarrier signal for a mobile communi- 
cation system, the system transmits, by using a plurality 
of subcarriers. a data sequence doubly multiplied by a 
short code and a long code chosen from a long code 
group, comprising: a receiving element receiving the 
multlcarrier signal containing the subcarriers . at least 
one of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code forsynchro- 
nlzatlon signal; and an FFT timing detector detecting a 
plurality of FFT timing candidates according to a corre- 
lation characteristic of a guard interval contained in the 
received multicarrier signal; wherein the FFT timing de- 
tector comprises: a multiplier multiplying the received 
multlcarrier signal by a delayed signal by one symbol 
length of the received multlcan-ler signal, to provide a 
product; an Integrator Integrating the product over one 
guard Intewal at every guard Interval, to provide a plu- 
rality of con-elation values; a first memory storing the 
correlation values and corresponding timings thereto; a 
second memory storing a plurality of FFT timing candi- 
dates consecutively given; a search range setter setting 
search ranges for respective FFT timing candidates ac- 
cording to the correlation values in the first memory and 
the FFT timing candidates In the second memory; and 
a timing detector firstly selecting a maximum correlation 
value and a corresponding timing from the values in the 
first memory as an FFT timing candidate #1 and storing 
the FFT timing candidate #1 In the second memory, sub- 
sequently making the search rang setter set a' new 
search range according to the values stored in the first 
memory and the FFT timing candidate previously stored 
in the second memory, selecting a maximum congelation 
value and a corresponding timing from the values within 
the search range previously set as an FFT timing can- 
didate #2 and storing the FFT timing candidate #2 in the 
second memory, and repeating the same operations of 
setting a new search range and selecting an FFT timing 
candidate of next number until detecting a predeter- 
mined number of FFT timing candidates. 
[0033] According to a nineteenth aspect of the 
present Invention, a receiver as In the eighteenth aspect 
of the present Invention, further comprises: a plurality of 
FFT units, each of which carries out FFT operations to 
' the received m.ultlcarrler signal at each of detected plu- 
ral FFT timing candidates to separate the received mul- 
tlcarrier signal into a plurality of subcarrier components: 
a plurality of first correlators, each of which detects cor- 
relation values between the subcarrier components that 
carry the synchronization signal and a synchronization 
signal replica for each groups of subcan-lers; a plurality 
of timing detectors, each of which detects a plurality of 
received timing candidates of long code; a plurality of 
second correlators, each of which detects, at each re- 
ceived timing candidate of long code, correlation values 
between the subcarrier components and a plurality of 
replicas of data sequence doubly multiplied by a short 
code and each long code chosen from a. long code 



group; a plurality of code candidate detectors, each of 
which detects, according to the detected correlation val- 
ues, a plurality of candidates of long code for scrambling 
a multicarrier signal; a timing and code detector detect- 
5 ing a received timing of long code among the received 
timing candidates and detecting a long code among the 
candidates of long code; and a demodulation circuit de- 
modulating the data sequence from the received multi- 
carrier signal by using the received timing of long code 
^0 and the long code. 

[0034] According to a twentieth aspect of the present 
invention, a receiver as In the eighteenth aspect of the 
present invention, further comprises: a plurality of first 
FFT units, each of which carries out FFT operations to 
^5 the received multicarrier signal at each of detected plu- 
ral FFT timing candidates to separate the received mul- 
ticarrier signal into a plurality of subcamer components; 
a plurality of first correlators, each of which detects cor- 
relation values between the subcarrier components that 
20 carry the synchronization signal and a synchronization 
signal replica for each group of subcarriers; a timing de- 
tector detecting a received timing of long code and an 
FFT timing accorcling to the correlation values; a second 
FFT unit carrying out FFT operation at the detected FFT 
2s timing to the received multicarrier signal to separate a 
plurality of subcarriers; a second correlator detecting, at 
the received timing of long code, correlation values be- 
tween the subcamer components and a replica of data 
sequence doubly multiplied by a short code and each 
30 long code chosen from a long code group; a code de- 
tector detecting, according to the detected correlation 
values, a long code for scrambling a multicamer signal; 
and a demodulation circuit demodulating the data se- 
quence from the received multlcarrier signal by using 
35 the received timing of long code and the long code. 
[0035] A twenty first aspect of the present Invention 
is a multicarrier signal receiving method for a mobile 
communication system^ the system transmits, by using 
a plurality of subcarriers, a data sequence doubly mul- 
^0 tiplied by a short code and a long code chosen from a 
long code group, comprising: an FFT timing detection 
step of detecting a plurality of FFT timing candidates ac- 
cording to a correlation characteristic of a guard interval 
contained in a received multicarrier signal. 
4s [0036] According a twenty second aspect of the 
present invention, a method as in the twenty first aspect 
of the present invention, further comprises: a step of set- 
ting additional FFT timing candidates before and behind 
each of the determined FFT timing candidates. 
^0 [0037] According a twenty third aspect of the present 
invention, a method as in the twenty first aspect of the 
present invention further comprises: a step of carrying 
out FFT at a plurality of the FFT timing candidates, to 
separate the received multicarrier signal into a plurality 
55 of subcarrier components; a step of detecting correla- 
tion values between subcarriers that carry a synchroni- 
zation signal among the separated subcarriers and a 
synchronization signal replica; a step of detecting one 
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or a plurality of received timing candidates of the long 
code according to the detected correlation values; a 
step of detecting, at respective timings of the detected 
received timing candidates of the long code, correlation 
values between the subcarrier components and a plu- s 
rality of replicas of data sequence doubly multiplied by 
each long code chosen from a long code group and a 
short code; and a step of detecting an FFT timing, a re- 
ceived timing of long code, and a long code that is 
scrambling the received mutticarrler signal according to io 
the detected correlation values. 
[0038] A twenty fourth aspect of the present invention 
is a multicarrier signal receiving method for a mobile 
communication system, the system transmits, by using 
a plurality of suboarriers, a data sequence doubly mul- is 
tiplied by a short code and a long code chosen from a 
long code group, comprising: detecting correlation val- 
ues between the subcarrier components separated from 
a received multicarrier signal and a plurality of replicas 
of data sequence doubly multiplied by each long code 20 
chosen from a long code group and a short code, by: 
integrating the product coherently over Navg symbols 
along a time axis for each subcarrier, where Navg Is an 
integer equal to or larger than 1 ; accumulating coher- 
ently the integrated value of each subcarrier for Ncs con- 25 
secutlve subcarrlers along a frequency axis, where Ncs 
is an integer satisfying 1 <=Ncs<=N, and N Is the number 
of the subcarrlers; and detecting averaged correlation 
values by averaging Nps accumulated value of every 
Ncs subcarrlers by squared fomn along the frequency 30 
axis, wherein Nps is an Integer satisfying 1 <=Nps<=Nc/ 
Ncs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0039] 

Figure 1 is a block diagram of a transmitter for a 
mobile communication system of MC-CDMA ac- 
cording to a prior art; 40 
Figures 2A and 2B respectively show a scrambling 
code pattern according to the prior art; 
Figure 3 is a block diagram of a first embodiment of 
a transmitter for a mobile communication system of 
fvlC-CDMA according to the present Invention; 4S 
Figures 4A and 4B respectively show an example 
of a synchronization signal structure according to 
the first embodiment; 

Figures 5A and 5B respectively show another ex- 
ample of the synchronization signal structure ac- ^0 
cording to the first embodiment; 
Figures 6A, 68 and 60 respectively show a another 
example of the synchronization signal structure ac- 
cording to the first embodiment; 
Figure 7A shows a another example of the synchro- ss 
ntzation signal structure according to the first em- 
bodiment of the present invention; 
Figure 7B Is a detection method by correlation prop- 



erty of synchronization signals to be detected by a 

receiver; 

Figure 8 is a block diagram of a second embodiment 
of a transmitter for a mobile communication system 
of MC-COMA according to the present invention; 
Figures 9A and 9B respectively show an example 
of a synchronization signal structure according to 
the second embodiment; 

Figure 1 0 is a block diagram of a third embodiment 
of a receiver for a mobile communication system of 
MO-CDMA according to the present invention; 
Figure 1 1 shows a precise block diagram of a re- 
ceived timing detector of scrambling code and a 
scrambling code identification circuit employed by 
the third embodiment of the receiver; 
Figure 12 shows a precise block diagram of a de- 
modulation circuit employed by the third embodi- 
ment of the receiver; 

Figure 1 3 is a flowchart showing a processing meth- 
od for a received multicarrier signal earned out by 
the third embodiment of the receiver; 
Figure 1 4 is a block diagram of a fourth embodiment 
of a receiver for a mobile communication system of 
MC-CDMA according to the present invention; 
Figure 15 is a flowchart showing a processing meth- 
od for a received multicarrier signal carried out by 
the fourth embodiment of the receiver; 
Figure 1 6 is a block diagram of a fifth embodiment 
of a receiver for a mobile communication system of 
MO-ODMA according to the present invention; 
Figure 1 7 Is a flowchart showing a processing meth- 
od for a received multicarrier signal carried out by 
the fifth embodiment of the receiver; 
Figure 1 8 is a block diagram of a sixth embodiment 
of a receiver for a mobile communication system of 
MO-CDMA according to the present invention; 
Figure 1 9 Is a flowchart showing a processing meth- 
od for a received multicarrier signal carried out by 
the sixth embodiment of the receiver; 
Figure 20 Is a block diagram of a seventh embodi- 
ment of a receiver for a mobile communication sys- 
tem of MC-CDMA according to the present inven- 
tion; 

Figure 21 is a flowchart showing a processing meth- 
od for a received multicarrier signal carried out by 
the seventh embodiment of the receiver; 
Figure 22 shows an ordinary processing method for 
a received multicarrier signal to detect a FFT timing; 
Figure 23 is an explanatory view showing the ordi- 
nary processing method for the received multicarri- 
er signal to detect a FFT timing; 
Figure 24 is a diagram showing an example of a 
sequence of correlation values detected by the or- 
dinary processing method shown in figures 22 and 
23; 

Figure 25 is a block diagram of an eighth embodi- 
ment of a receiver for a mobile communication sys- 
tem of MC-CDMA according to the present Inven- . 
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Uon; 



Figure 26 Is a flowchart showing a processing meth- 
od for detecting FFT timing candidates from a re- 
ceived multicarrier signal carried out by the eighth 
embodiment of the receiver; 
Figure 27 is an explanatory view showing exclusion 
windows and FFT timing candidates according to 
the eighth embodiment; 

Figure 28 is a flowchartshowing a processing meth- 
od for a received multicarrier signal carried out by 
the seventh embodiment of the receiver: 
Figure 29 is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 30 is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 31 Is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 32 is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 33 is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 34 is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 35 is an explanatory view showing another 
exclusion windows and FFT timing candidates ac- 
cording to the eighth embodiment; 
Figure 36 is a blocl< diagram of a ninth embodiment 
of a receiver for a mobile communication system of 
MC-CDMA according to the present invention; 
Figure 37 Is a flowchartshowing a processing meth- 
od for a received multicarrier signal carried out by 
the seventh embodiment of the receiver; 
Figure 38 is an explanatory view showing a corre- 
lation detection method of a long code can-ied out 
by a receiver according to the present invention; 
Figure 39 is an explanatory view showing another 
correlation detection method of a long code carried 
out by a receiver according to the present invention : 
Figure 40 Is an explanatory view. showing another 
correlation detection method of a long code carried 
out by a receiver according to the present Invention 
and 

Figure 41 is an explanatory view showing another 
correlation detection method of a long code earned 
out by a receiver according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] Embodiments of the present invention will be 
explained in detail with reference to the accompanvinq 
drawings, ^ 
[0041] FIGs. 2A and 2B respectively show an exam- 



ple of an ordinary scrambling code pattern of an MC-CD- 
MA transmission system. A scrambling code, which is 
referred to as a long code in the claims, has specific 
patterns along both frequency an d time axes depending 
5 on a base station to which the scrambling code is allo- 
cated. FIG. 2A shows an example of using a long code, 
a chip length of which is longer than the number of sub ' 
carriers. FIG. 23 shows an example of using a long 
code, a chip length of which is equal to the number of 
10 subcarrlers and which is consecutively shifted by one 
symbol along a frequency axis. 

[0042] FIG. 3 shows a first embodiment of a transmit- 
terforan MC-CDMA communication system. The trans- 
mitter 1 0, 1 is accommodated in each base station trans- 
^5 mitting wireless multicarrier signal. The transmitter 1 0.1 
provides multiple data channel generation circuits 
100. 1-1 00.x. in each data channel generation circuit 
100, an encoder 102 encodes a transmission data se- 
quence from a transmission data generator 1 01 . The en- 
20 coded data sequence from the encoder 1 02 is modulat- 
ed by a data modulator 1 03 and multiplexed by a multi- 
plexer 104 with a pilot symbol. 

[0043] A serial-parallel converter 105 carries out se- 
rial-parallel conversion to the serial data sequence and 
2s outputs a sequence of N/SF symbols allocated along a 
frequency axis. A copier 106 copies each of the se- 
quence of N/SFsymbols sothatatotal length of thecop- 
les is equal to a length of a short code. This sequence 
length is equivalent with a period of the short code 
30 £0044] A short code generator 107 generates the 
short code. The copies allocated along the frequency 
axis are multiplied with the short code by multipliers 1 08, 
respectively. 

[0045J A first combiner 1 09 combines every multiplied 
35 signals of the same channel from each data channel 
generation circuit 1 00.1 -1 00.x and outputs N combined 
symbols. The N combined symbols are respectively in- 
put to another multipliers 111. A scrambling code gen- 
erator 110 generates a scrambling code and outputs to 
40 respective multipliers 111. Each multiplier 1 1 1 multiplies 
the respective combined symbols with the scrambling 
code along the frequency axis. 

[00461 By a second combiner 112, the N multiplied 
symbols with the scrambling code (long code) from the 
4S respective multipliers 111 are additionally combined 
with a synchronization signal from a synchronization 
signal generation circuit 120.1 . An IFFT unit 113 carries 
out inverse fast Fourier transfonn to the N symbols and 
transforms into an orthogonal multicamer signal. A Gl 
so adder 114 Inserts guard Intervals to the transformed 
multicarrier signal. This multicamer signal is transmitted 
Into the air as a wireless signal. 
[0047] The generation of the synchronization signal 
by the circuit 120.1 will be explained. A synchronization 
55 signal data sequence D1 is usually common to all base 
stations and may consist of all '1 • sequence. A data gen- 
erator 121 generates this synchronization signal data 
sequence D1 and a data modulator 122 modulates the 
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synchronization signal data sequence D1 . The nnodulat- 
ed data sequence is multiplied with a spreading code 
for synchronization signal C1 by a murtiplier 1 24 to pro- 
vide a synchronization signal SI for the second connbin- 
er 112. The spreading code for synchronization signal 
CI is that of generated by a synchronization signal gen- 
erator 123. 

[0048] A transnrtisslon method of multicarrier signal 
carried out by the multicarrier signal transmitter 10.1 
shown in FIG. 3 will be explained. FIG. 4A shows a first 
example of synchronization signal SI continuously 
transmitted along a time axis on a plurality of subcarriers 
and FIG. 4B shows the synchronization signal 81 con- 
tinuousty transmitted along a time axis on a single sub- 
carrier. The synchronization signal 81 is output from the 
synchronization signal generation circuit 120.1 shown 
in FIG. 3. The synchronization signal S1 is yielded 
through multiplication of the spreading code for synchro- 
nization signal CI with the synchronization data se- 
quence D1 . 

[0049] In the transmitter 10.1 , the second cornbiner 
1 1 2.1 continuously combines the synchronization signal 
81 with a single or multiple specific subcarrier(s) along 
the time axis. The IFFT unit 113 cam'es out the Inverse 
fast Fourier transfomn to the combined signals from the 
second combiner 112.1 and transforms them into the 
multicarrier signal, and the Gl adder 114 inserts the 
guard intervals of a fixed period to the multicarrier signal 
from the IFFT unit 113 on every FFT timings. 
[0050] FIG. 5A shows a third example of a synchroni- 
zation signal structure transmitted by the transmitter 
10.1 shown in FIG. 3. The synchronization signal struc- 
ture shown in FIG, 5A also transmits a synchronization 
signal S2 along the time axis on a single subcarrler. The 
synchronization signal S2 generated by the synchroni- 
zation signal generation circuit 1 20.1 has a specific pat- 
tern along a time axis. A pattern length of the synchro- 
nization signal 82 is equal to an iteration period of 
scramble pattern x. The specific pattern is realizable by 
a scramble code pattern for the synchronization signal. 
Accordingly, for a receiver, detecting a received timing 
of the synchronization signal 82 results In detecting a 
received timing of multiplication start timing of the 
scrambling code. 

[0051] FIG. 5B shows a fourth example of a synchro- 
nization signal structure transmitted by the transmitter 
10.1 shown in FIG. 3.. The data frame transmits a syn- 
chronization signal S3 along the time axis. The synchro- 
nization signal 83 from the synchronization signal gen- 
eration circu It 1 20. 1 also has a specific pattern along the 
time axis. A period of the synchronization signal S3 is 
equal to a half of the iteration period of scramble pattern 
X. For a receiver, detecting a received timing of the syn- 
chronization signal 83 results in confining a received 
timing of multiplication start timing of a scrambling code 
to be detected within a limited interval. 
[0052] FlGs. 6A to 6C show a fifth example of a syn- 
chronization signal structure transmitted by the trans- 



mitter 10.1 shown In FIG. 3, in which FIG. 6A shows a 
synchronization signal S4 simultaneously transmitted in 
a burst manner on a plurality of subcarriers, FIG. 6B 
shows a synchronization signal S4 transmitted In a burst 

5 manner on a single subcarrier, and FIG. 6C shows a 
synchronization signal 84 simultaneously transmitted in 
a burst manner on all subcarriers. 
[0053] FIG. 7A shows a sixth example of a synchro- 
nization signal structure transmitted by the transmitter 

10 10.1 shown in FIG. 3. A synchronization signal 85 is 
transmitted in a burst manner on multiple subcarriers at 
different timings. Accordingly, as shown in FIG. 78. for 
a receiver, detecting multiple subcarriers in which the 
synch ronizatiori signals 85 are transmitted and each re- 

15 ceived timing thereof results In detecting a received tim- 
ing of multiplication start timing of the scrambling code. 
[0054] A second embodiment of a multicarrier signal 
transmitter for an MC-CDMA system will be explained. 
In FIG. 8 showing a transmitter of multicarrier signal 10.2 

20 of the second embodiment, blocks given the common 
numerals with the blocks shown In FIG. 3 are Identical. 
A feature of the multicarrier signal transmitter of the sec- 
ond ennibodiment is that a synchronization signal gener- 
ation circuit 120.2 provides a serial-parallel converter 

25 125. 

[0055] A data generator 121 generates a data se- 
quence D1 . The data sequence D1 is usually common 
to all base stations and may consist of all '1' sequence. 
The synchronization signal data sequence D1 is modu- 
lo lated by a data modulator 1 22, and the modulated data 
sequence Is converted by a serial-parallel converter 1 25 
into N symbols along a frequency axis. Multipliers 126 
respectively multiply, along the frequency axis, the N 
symbols with a scrambling code for synchronization sig- 
35 nal C1 that is generated by a synchronization signal 
generator 123. The multipliers 126 output N parallel syn- 
chronization symbols 86 to a second combiner 112.2. 
[0056] The second combiner 112.2 combines the N 
symbols of synchronization signals 86 with the N sub- 
40 carriers at a specific timing. To make a transmit timing 
of the synchronization signal indicate a scrambling code 
transmit timing like FIGs. 9A and 9B, each synchroniza- 
tion signal S6 is transmitted In synchronization with the 
scrambling code transmit timing. 
45 [0057] In a transmission method of multicarrier signal 
shown in FIGs. 9A and 9B, a transmitter of multican-ier 
signal 10.2 simultaneously transmits a synchronization 
signal 86 in a burst manner on all subcarriers. In FIG. 
9A, a start timing of a scrambling code pattern coincides 
50 with a transmit timing of the synchronization signal S6. 
Accordingly, for a receiver, detecting the received timing 
of the synchronization signal S6 results In detecting the 
received timing of multiplication start timing of the 
scrambling code. In FIG. 9B, a synchronization signal 
55 86 is transmitted twice within an iteration period of 
scramble pattern x. Namely, an Interval between syn- 
chronization signal transmit timings is equal to a half of 
the iteration period of scramble. pattern x. Accordingly, 



9 



17 



EP1204 234A2 



18 



for a receiver, detecting the received timing of synchro- 
nization signal results In confining a received timing of 
multiplication start timing of a scrambling code to be de- 
tected within a limited interval. 

[0058] A third embodiment of a receiver for MC-CD- 
MA transmission system will be explained referring to 
FIGS. 10-12. ArecelverforMC-CDMAtransmlssionsys- 
tem 20.1 comprises an antenna for multicarrier wireless 
signal 1 99, a detector of scrambling code received tim> 
Ing200.1, aGI remover 208, an FFT unit 209, a scram- 
bling code identification circuit 21 0.1 and a demodula- 
tion circuit 300. The detector of scrambling code re- 
ceived timing 200.1 inputs the multicarrier signal re- 
ceived by the antenna 199 and detects a scrambling 
code received timing and an FFT timing. The Gl remover 
208 removes guard Intervals from the multicamer signal 
according to the detected FFT timing. The FFT unit 209 
carries out fast Fourier transforms to the multicarrier sig- 
nal and separates to N subcarrier components The 
scrambllngcode Identification circuit210.1 having an in- 
ner configurati on as shown in FIG. 11 identifies a scram- 
bling code that is multiplied on the multicarrier signal re- 
celved by the antenna 199. The demodulation circuit 
300 having an inner configuration as shown In FIG 12 
demodulates the received multicarrier signal to an orig- 
Inai data sequence by using the received timing of 
scrambling code from the detector of scrambling code 
received timing 200. 1 and the scrambling code from the 
scrambling code detector 21 0.1 . 
(0059] As precisely shown in FIG. 1 1 . the detector of 
scrambling code received timing 200.1 inputs a multi- 
carrier signal received by th e antenna 1 99 to a correlator 
201 . A generator of synchronization signal replica 202 
generates synchronization signal replicas, which are 
supplied to the correlator 201 . The correlator 201 de- 
tects correlation values between the received multicar- 
rier signal and the replicas of synchronization signal 
Each correlation value having a peak and a correspond- 
ing timing are stored in a correlation/timing memory 203 
A timing detector 204 selects a maximum con-elation 
value and a corresponding timing from the values stored 
In the correlation/timing memory 203. The selected tim- 
ing Is stored as a received timing of scrambling code in 
a memory 206. The received timing of scrambling code 
is used to calculate an FFT timing, which Is also stored 
In the memory 205. The memory 205 provides the FFT 
timing to the Gl remover 208 and the received timing of 
scrambling code to the scrambling code identification 
circuit 210 and the demodulation circuit 300. 
[0060] After the detection of the scrambling code re- 
ceived timing by the detector of scrambling code re- 
ceived timing 200.1 . the memory 205 provides the FFT 
timing to the Gl remover 208. The Gl remover 208 uses 
the FFT timing to remove the guard inten/als from the 
received multican^ler signal. The Gl-free multicarrier sig- 
nal is Input to the FFT unit 209, which separates the sig- 
nal Into N subcarrier components. 
[0061] The scrambling code identification circuit 



210.1 sets to each correlator 212 each of phases of 
scrambling code replicas generated by a generator of 
scrambling code replica 211 according to the received 
timing of scrambling code from the detector of scram- 
5 bling code received timing 200.1 . Each correlator 21 2 is 
provided for each of the N subcarriers . Each correlator 

212 detects correlation value between each of the 
scrambling code replicas generated by the generator of 
scrambling code replica 211 and each of the N subcar- 

10 rier components from the FFT unit 209. The detected 
correlation values are sent to an adder 213. The adder 

213 adds up the correlation values of the N subcarriers 
for each of the scrambling code replicas, and the sum 
and a corresponding scrambling code number are 

IS stored In a correlation/code number memory 214 A 
scrambling code detector 215 selects a maximum cor- 
relation value and a corresponding code number from 
the values stored in the correlation/code number mem- 
ory 214. The selected scrambling code number is sent 
^0 to a demodulation circuit 300. 

[0062] In the demodulation circuit 300 as precisely 
shown In FIG. 12, the received multicarrier signal from 
the antenna 199 Is input to a FFT timing detector 302 
and a Gl remover 303. and the received timing of scram- 
^5 bimg code detected in the detector of scrambling code 
received timing 200.1 and the scrambling code number 
identified in the scrambling code identification circuit 
210.1 are input to a scrambling code generator 301. 
[0063] The FFT timing detector302 detects a FFT tim- 
30 ing, i.e., an symbol timing from the received multicarrier 
signal. According to the FFT timing, guard Intervals are 
removed from the received multicarrier signal, and the 
Gl-free multicarrier signal is separated into N subcamer 
components by an FFT unit 304. A channel estimator 
35 305 estimates a channel variation of each subcarrier. 
Each of the N subcarriers is compensated by each es- 
timated channel variation by each multiplier 308. Along 
a direction of the subcarriers. symbols on the variation- 
compensated subcarriers are multiplied by a scrambling 
40 code from the scrambling code generator 301 at multi- 
pliers 307. The symbols multiplied by the scrambling 
code are further multiplied by multipliers 308 with a cor- 
responding short code generated by a short code gen- 
erator 309 along the direction of the subcarriers. A sum- 
45 matlon unit 310 sums every SF symbols from the multi- 
pliers 308. The summed symbols are converted to par- 
allel signals by a parallel-serial converter 311 and the 
converted serial signal. The serial signal after parallel- 
serial conversion is recovered to the original transmis- 
so slon data sequence through a data demodulator 312 
and a decoder 313. 

[0064] Refem'ng to FIG . 1 3, a receiving method by the 
receiver 20.1 for an MC-CDMAtransmlssion system will 
be explained. Step SI 01 detects correlation values be- 
55 tween a received multicarrier signal containing all be- 
fore-FFT subcarriers and a synchronization signal rep- 
Ilea. Step S102 finds a timing corresponding to a maxi- 
mum value among the detected correlation values, and 
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based on which, obtains an FPT timing, I.e., a symbol 
timing and a received timing of scrambling code. 
[0065] At the detected FFT timing, step SI 03 carries 
out an FFT to separate the multicarrier signal into N sub- 
carrier components. Step S1 04 detects, at the detected 
received timing of scrambling code, a correlation value 
between each ot the separated subcarrier components 
and each scrambling code replica. Step 8105 identifies 
a scrambling code corresponding to a maximum corre- 
lation value as a scrambling code that Is scrambling 
(spreading) the received multicarrier signal. 
[0066] The demodulation circuit 300 in the receiver 
20.1 descramblesthe received multicarrier signal by us- 
ing the Identified scrambling code and recovers an orig- 
inal data sequence from the descrambled signal. 
[0067] Referring to FIG, 14. a receiver for an MC-CD- 
MA transmission system as a fourth embodiment of the 
present invention will be explained. A functional config- 
uration of the receiver 20.2 of this embodiment is iden- 
tical with that of the receiver 20.1 of the third embodi- 
ment of the present invention shown in FIG. 10, though 
an inner configuration of a detector of scrambling code 
received timing 200.2 is slightly different from that of the 
third embodiment precisely shown in FIG. 11 . 
[0068] The detector of scrambling code received tim- 
ing 200.2 inputs a multicarrier signal received by an an- 
tenna 1 99 (not shown in FIG. 14 but identical with that 
of FIG. 10) to each of multiple synchronization signal 
correlation detectors 2010.1-201 .m. An FFT timing set- 
ter 2014 sets respectively different FFT timings for re- 
spective synchronization signal correlation detectors 
2010.1-2010.m. AGI remover 2015 of each correlation 
detector 2010 removes guard intervals (GIs) from the 
multicarrier signal according to the set FFT timing. The 
Gl-free multicarrier signal is input to an FFT unit 2016, 
which separates the signal into N subcarrier compo- 
nents. Each of subcarriers carrying synchronization sig- 
nal thereon is input to each of multiple correlators 2012. 
Each of generators of synchronization signal replica 
2013 generates a synchronization signal replica and in- 
put to the correlator 201 2. Each correlator 20 12 detects 
a correlation value and a corresponding timing ot the 
synchronization signal and output the detected correla- 
tion value into an adder 207. The adder 207 adds up all 
of the detected correlation values from respective cor- 
relators 2012 in the same synchronization signal conge- 
lation detector 201 0.x. A correlation/timing memory 203 
stores the sum from the adder 207 and a corresponding 
timing. 

[0069] A timing detector 204 detects a maximum cor- 
relation value and a corresponding timing among the 
correlation values, each of them is stored in each cor- 
relation/timing memory 203 of the synchronization sig- 
nal correlation detectors 201 0.1 -2010, m. The detected 
timing is stored as a scrambling code received timing in 
a memory 205. According to the scrambling code re- 
ceived timing, a final FFT timing Is calculated and also 
stored In the memory 205. 



[0070] After the detection of the scrambling code re- 
ceived timing by the detector of scrambling code re- 
ceived timing 200.2, the memory 205 provides the FFT 
timing to the Gl remover 208. By the same operations 

5 as explained referring to FIG. 11, the Gl remover 208 
removes guard intervals (GIs) from the received multi- 
canler signal, an FFT unit 209 carries out FFT operation 
to the Gl-free multicarrier signal and an scrambling code 
identification circuit 210.1 identifies a scrambling code. 

10 In addition, a demodulation circuit 300 demodulates the 
received multicarrier signal into an original data se- 
quence by the same operations as explained referring 
to FIG. 12. 

[0071] FIG. 15 is a flowchart showing a receiving 

IS method for MC-CDMA transmission canled out by the 
receiver 20.2. Step S2011 .1 carries out FFT at a given 
FFT timing, to separate a received multicarrier signal in- 
to N subcarrier components. For the given FFT timing, 
step S2012.1 detects correlation values between sub- 

20 carrier components that contain a synchronization sig- 
nal among the subcarrier components and the synchro- 
nization signal replicas. These operations are carried 
out for a plurality of FFT timings In steps S201.1 to 
S201 .m. Step S202 detects a timing corresponding to a 

25 maximum correlation value as a scrambling code re- 
ceived timing. The FFT timing that provides the maxi- 
mum correlation value is set as a final FFT timing. 
[0072] At the detected FFT timing, step S203 carries 
out FFT, to separate the received multicarrier signal into 

30 N subcarrier components. According to the detected 
scrambling code received timing, step S204 detects cor- 
relation values between each of the separated subcar- 
rier components and each of scrambling code replicas. 
Step S205 determines a scrambling code correspond- 

35 ing to a maximum correlation value as a scrambling 
code that Is scrambling the received multicarrier signal. 
[0073] The demodulation circuit 300 in the receiver 

20.2 descrambles the received muiticanier signal by us- 
ing the identified scrambling code and recovers an orlg- 

40 inal data sequence from the descrambled signal. 

[0074] Refemng to FIGs. 1 6 and 12, a receiver for an 
MC-CDMA transmission system as a fifth embodiment 
of the present invention will be explained. The receiver 

20.3 comprises an antenna for multicarrier wireless sig- 
45 nal 199 (not shown In FIG. 16 but identical with that of 

FIG. 10), a detector of scrambling code received timing 
200.3, a scrambling code identification circuit 21 0.1 and 
a demodulation circuit 300. 

[0075] The detector of scrambling code received tim- 
50 Ing 200.3 Inputs a received multicarrier signal and sep- 
arates it to multiple subcarrier components by a FFT unit 
2011. Each of limited subcarriers, which are carrying 
synchronization signal thereon, is Input to each of mul- 
tiple correlators 2012. Each of generators of synchroni- 
es zation signal replica 2013 generates synchronization 
signal replicas and input to each of the correlators 201 2. 
Each correlator 2012 detects a correlation value and a 
corresponding timing of the synchronization signal and 
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output the detected correlation value Into an adder 207. 
The adder 207 adds up every detected correlation val- 
ues with the same synchronization signal timing from 
respective correlators 2012. A correlation/timing mem- 
ory 203 stores the sums from the adder 207 and corre- 
sponding timings. 

[0076] A timing detector 204 detects a maximum cor- 
relation value and a corresponding timing among the 
sums of the correlation values stored In the correlation/ 
timing memory 203. The detected timing is stored as a 
scrambling code received timing in a memory 205. 
[0077] After the detection of the scrambling code re- 
ceived timing by the detector of scrambling code re- 
ceived timing 200.3, the memory 205 provides the de- 
tected scrambling code received timing to an scrambling 
code Identification circuit 210.1 of the same configura- 
tion as shown in FIG. 11. Each subcarrler components 
separated by the FFT unit 2011 Is Input to each corre- 
lator 212 of the scrambling code identification circuit 
210.1. A scrambling code replica generator 211 gener- 
ates multiple scrambling code replicas one by one at a 
time and inputs to each correlator 212. 
[0078] Each correlator 212 detects correlation value 
between the given scrambling code replica from the rep- 
lica generator 211 and each of the separated subcarrler 
components from the FFT unit 2011 . The detected cor- 
relation values are sent to an adder 21 3. The adder 21 3 
adds up the correlation values of the N subcarriers for 
each of the scrambling code replicas, and the sum and 
a corresponding scrambling code number are stored in 
a correlation/code number memory 214. A scrambling 
code detector 21 5 selects a maximum correlation value 
and a corresponding code number from the values 
stored In the correlation/code number memory 214. The 
selected scrambling code number Is sent to the demod- 
ulation circuit 300. 

[0079] Demodulation operation to the received multi- 
carrier signal carried out in the demodulation circuit 300 
Is identical with that explained referring to FIG. 12 here- 
inbefore. 

[0080] FIG. 17 is a flowchart showing a receiving 
method for MC-CDMA transmission can-led out by the 
receiver 20.3 shown In FIG. 16. StepS301 separates a 
received multicanier signal Into N subcarrier compo- 
nents through the OFT unit 201 or the like. Step S302 
detects correlation values between subcarriers that car- 
ry a synchronization signal among the separated sub- 
carrier components and synchronization signal replicas. 
Step S303 detects a timing corresponding to a maxi- 
mum con-elation value as a scrambling code received 
timing among the correlation values. 
[0081] According to the detected scrambling code re- 
ceived timing, step S304 detects correlation values be- 
tween the separated subcarrier components and each 
of scrambling code replicas. Step S306 determines a 
scrambling code replica corresponding to a maximum 
correlation value as a scrambling code that Is scram- 
bling the received signal. 



[0082] The demodulation circuit 300 in the receiver 

20.3 also descrambles the received multicarrier signal 
by using the identified scrambling code and recovers an 
original data sequence from the descrambled signal. 

s [0083] Refemng to FIGs. 18 and 12, a receiverfor an 
MC-CDMA transmission system as a sixth embodiment 
of the present Invention will be explained. The receiver 

20.4 comprises an antenna for multicarrier wireless sig- 
nal 199 (not shown in FIG. 18 but identical with that of 

^0 FIG. 10). m scrambling code correlation detectors 
2301.1-2301.m, an FFT timing setter 2014 for setting 
respectively different FFT timings to respective m cor- 
relation detectors 2301 .1 -2301 .m, a detector of scram- 
bling code and received timing 240 and a demodulation 
'5 circuit 300. Each of the scrambling code correlation de- 
tectors 230,1 -230.m comprises a Gl remover 2015, an 
FFT unit 2016. a timing of scrambling code detector 
200.3, which is the same as that of FIG. 1 6, and ascram- 
bling code identification circuit 21 0.2. A precise config- 
20 uratlon of the demodulation circuit 300 is the same as 
that of FIG. 12. 

[0084] A multicarrier signal received by the antenna 
199 is Input to each scrambling code con-elation detec- 
tor 230.x. The FFT timing setter 201 4 sets respectively 
^5 different FFT timings for the scrambling code correlation 
detectors 230.1 -230.m, respectively In each scram- 
bling code correlation detector 230.x, the Gl remover 
201 5 removes guard intervals (Gis) from the multicarrier 
signal according to the set FFT timing. The Gl-free mul- 
30 Hcarrier signal is supplied to an FFT unit 2016, which 
separates the signal Into N subcarrler components. 
Thereafter, operations carried out by a correlator 201 2, 
a replica of synchronization signal generator 2013, and 
an adder 207 are the same as those of FIG. 16. A cor- 
3S relation/timing memory 203 stores con-elation values 
and corresponding timings from the adder 207. 
[0085] A timing detector 204 selects a maximum cor- 
relation value and a corresponding timing from the val- 
ues stored in the correlation/timing memory 203. The 
40 selected timing is stored as a candidate of scrambling 
code received timing In a memory 205. 
[0086] After detecting the candidate of scrambling 
code received timing, in the scrambling code identifica- 
tion circuit 210.2 , a scrambling code replica generator 
45 211 sets a scrambling code replica according to the can- 
didate of scrambling code received timing provided by 
the detector of scrambling code received timing 200.3. 
Each correlator212 detects correlation values between 
the scrambling code replica generated by the scram- 
blingcode replica generator211 and the respective sub- 
camers output from the FFT unit 2016. The detected 
correlation values are supplied to an adder 213. The 
adder 213 adds up the correlation values. The sum and 
a corresponding scrambling code number are stored In 
55 a correlation/code number memory 214. 

[0087] The detector of scrambling code and received 
timing 240 selects a maximum con-elation value and a 
corresponding code number from the values respectlve- 
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ly stored In the correlation/code memories 214. Accord- 
ing to the maximum correlation value, an optimum re- 
ceived timing of scrsimbling code Is selected among the 
values respectively stored In the memories 205 in the 
respective scrambling code correlation detectors s 
230.1 -230. m. The selected scrambling code number 
and scrambling code received timing are transferred to 
the demodulation circuit 300. 

[0088] Demodulation operation to the received multi- 
carrier signal carried out In the demodulation circuit 300 io 
is identical with that explained referring to FIG. 12 here- 
inbefore. 

[0089] FIG. 19 Is a flowchart showing a receiving 
method for MC-CDMA transmission carried out by the 
receiver 20.4 shown in FIG. 18. Step S4011.1 carries '5 
out FFT at a given FFT timing, to separate a received 
multlcarrier signal into Nsubcarrier components. For the 
given FFT timing, step S4012.1 detects correlation val- 
ues between respective subcarriers that contain a syn- 
chronization signal among the N subcarriers and the 20 
synchronization signal replica. For the given FFT timing, 
step S401 3.1 detects a timing corresponding to a max- 
imum correlation value as a candidate of scrambling 
code received timing. At the candidate of scrambling 
code received timing, step S4014.1 detects correlation 2S 
values between each of the N subcarriers and each of 
scrambling code replicas. These operations are carried 
out for a plurality of FFT timings set by the FFT timing 
setter 201 4 (Steps S401 .1 to 8401 .m). 
[0090] Based on the correlation values detected at all 30 
FFT timings, step S402 finds an optimum FFT timing, a 
received tihiing of scrambling code and a scrambling 
code numberthat is scrambling the received multlcarrier 
signal. 

[0091] The demodulation circuit 300 in the receiver 3S 
20.4 also descrambles the received multlcarrier signal 
by using the Identified scrambling code and recovers an 
original data sequence from the descrambled signal. 
[0092] Referring to FIGs. 20 and 1 2, a receiver for an 
MC-CDMA transmission system as a seventh embodi- 40 
ment of the present invention will be explained. The re- 
ceiver 20.5 comprises an antenna for wireless multlcar- 
rier signal 199 (not shown in FIG. 20 but identical with 
that of FIG, 1 0), an FFT timing detector 250.1 , a Gl re- 
mover 201 5, an FFT unit 201 6, a detector of scrambling 
code received timing 200.3 a scrambling code identifi- 
cation circuit 21 0. 1 and a demodulation circuit 300. The 
Gl remover 201 5, the FFT unit 201 6 and the detector of 
scrambling code received timing 200.3 are identical with 
those of FIG. 1 8, and the scrambling code identification so 
circuit 21 0.1 is identical with that of FIG. 16. The demod- 
ulation circuit 300 Is identical with that of FIG. 12. 
[0093] A muttican^ier signal received by the antenna 
199 is Input to the FFT timing detector 250.1. A delay 
circuit 251 delays the input muiticarrler signal by one ss 
symbol time-length. A multiplier 252 multiplies the input 
multlcarrier signal by the delayed signal from the delay 
circuit 251 . The product signal is sent to an integrator 



253. The integrator 253 integrates the product signal 
over every one guard interval and detects correlation 
values. The detected correlation values and corre- 
sponding timings are stored in a correlation/timing mem- 
ory 254. 

[0094] A timing detector 255 selects a maximum cor- 
relation value and a corresponding timing from the val- 
ues stored in the con-elation/timing memory 254. The 
selected timing is stored as an FFT timing in a memory 
256. 

[0095] According to the FFT timing stored In the mem- 
ory 256. the Gl remover 2015 removes guard intervals 
(GIs) from the received multlcarrier signal. The guard- 
interval-free multicarrier signal is supplied to the FFT 
unit 2016, which separates the signal into N subcarrier 
components by using the FFT timing from the memory 
256 and inputs the subcarriers to the detector of scram- 
bling code received timing 200,3. Operations carried out 
in the detector of scrambling code received timing 200.3 
are the same as those of FIG. 1 8, and a detected scram- 
bling code received timing is stored in a memory 205. 
[0096] After the operations for detecting the received 
timing of scrambling code, the scrambling code identifi- 
cation circuit 21 0.1 identifies a scrambling code number 
bythe same manner as that of FIG. 16, and the Identified 
scrambling code number Is Input to the demodulation 
circuit 300. 

[0097] Demodulation operation to the received multi- 
carrier signal carried out In the demodulation circuit 300 
is identical with that explained referring to FIG. 12. 
[0098] FIG. 21 is a flowchart showing a receiving 
method for MC-CDMA transmission carried out by the 
receiver 20.5 shown in FIG. 20. Step S501 detects cor- 
relation values between a received signal containing all 
before-FFT subcarriers and a signal that Is formed by 
delaying the received signal by a symbol length (exclud- 
ing a guard interval). Step S502 finds a timing corre- 
sponding to a maximum correlation value as an FFT tim- 
ing. At the detected FFT timing, step 3603 carries out 
FFT to separate the received multicarrier signal into N 
subcarrier components. 

[0099] Step S504 detects correlation values between 
m subcarriers that carry a synchronization signal among 
the separated N subcarriers and the synchronization 
signal replica. Step S505 determines a timing come- 
spending to a maximum correlation value as a scram- 
bling code received timing. 

[0100] Subsequently, detecting a scrambling code 
that is scrambling the received multicarrier signal is car- 
ried out according to steps 8304 arid 8305 of the flow- 
chart of FIG. 1 7. 

[0101] The demodulation circuit 300 in the receiver 
20.5 also descrambles the received multicarrier signal 
by using the identified scrambling code and recovers an 
original data sequence from the descrambled signal. 
[0102] ' Refem'ng to FIGs. 22 to25, a receiver for an 
MC-CDMA transmission system as an eighth embodi- 
ment of the present Invention will be explained. 
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[0103] As explained referring to FIGs. 20 and 21 here- 
inbefore, one of the receMng techniques for MC-CDMA 
transmission system retrieves one symbol timing 
(equivalent to an FFT timing) corresponding a maximum 
value among the plural correlation values , those are ac- 
cumulated by using con-elation of the guard intervals. 
[0104] For a mobile communication system using the 
MC-CDMA transmission technique, however, the max- 
imum correlation value to be detected among the plural 
correlation values Is dependent not only on a received 
signal attenuation, I.e., a distance attenuation and a 
path loss due to shadowing but also on the total trans- 
mission power of each base station. Accordingly, if base 
stations In the mobile communication system involve dif- 
ferent transmission powers, a receiver station may er- 
roneously choose a base station having a large trans- 
mission power instead of a correct base station having 
an optimum receiving level per channel. 
[01 05] This problem will be precisely explained here- 
inafter. A flowchart of FIG. 22 shows a method of FFT 
timing candidate detection by correlation to the guard 
Intervals, which is carried out by the receiver of FIG. 20. 
FIG. 23 shows the principle of the method. 
[0106] A synchronization timing of received symbol Is 
a timing to receive the start of Information symbol ex- 
cluding a guard interval and Is equivalent to an FFT start 
timing. In the following explanation, therefore, the re- 
ceived symbol synchronization timing Is referred to as 
"FFT timing." Further, the length of one symbol Is de- 
fined as X sampling periods, and the length of a guard 
Interval as Y sampling periods. 

[0107] According to the flowchart of FIG. 22, step 
S1001 multiplies, at every sampling timing, a received 
signal before FFT containing all subcarrlers by a de- 
layed signal of the received signal by one symbol length 
(X sampling periods), to provide products. Step SI 002 
calculates moving averages of the products in each av- 
eraging period that starts from a sampling timing and is 
equal to Y sampling periods, to provide a sequence of 
correlation values. Step 81003 can-ies out coherent 
summation to the sequence of con-elation values for 
every (X+Y) sampling periods and provides a sequence 
of correlation values of (X-i-Y) sampling periods. FIG. 24 
shows an example of the sequence of correlation values 
of (X+Y) sampling periods. Based on the sequence of 
correlation values of (X+Y) sampling periods of FIG. 24, 
step SI 004 detects, as an FFT timing, a timing corre- 
sponding to a maximum correlation value. 
[01 08] The maximum correlation value to be detected 
In the sequence of con-elatlon values of FIG. 24 Is de- 
pendent not only on a received signal attenuation, i.e., 
a distance attenuation and a path loss due to shadowing 
but also on the total transmission power of each base 
station (cell). If base stations In the mobile communica- 
tion system Involve different transmission powers, a re- 
ceiver station (a mobile station) may en-oneously 
choose a base station having a large transmission pow- 
er Instead of a correct base station having an optimum 



receiving level per channel, i.e., a smallest path loss. If 
there are base stations 1 and 2 with the base station 1 
having less communication channels than the base sta- 
tion 2 and if an optimum base station for a mobile station 
5 is the base station 1 , there will be a risk for the mobile 
station of en-oneously choosing the base station 2 hav- 
ing a larger number of communication channels. 
[01 09] FIG . 25 shows a receiver of the eighth embod- 
iment for MC-CDMA transmission system that solves 
10 the problems set forth hereinbefore. The receiver 20.6 
comprises an antenna for wireless multicanier signal 
1 99 (not shown in FIG. 26 but identical with that of FIG. 
10), an FFT timing detector 250.2, m scrambling code 
correlation detectors 230.1.230.m, a scrambling code 
IS and received timing detector 240 and a demodulation 
circuit 300 as shown in FIG. 12. 

[0110] A multicarrier signal received by the antenna 
199 Is Input to the FFT timing detector 260.2. A delay 
circuit 251 delays the Input multicarrier signal by one 
20 symbol time-length. A multiplier 252 multiplies the input 
multicamer signal by the delayed signal from the delay 
circuit 251 . The product signal is sent to an Integrator 
253. The Integrator 253 integrates the product signal 
over every one guard interval and detects correlation 
^5 values. The detected correlation values and corre- 
sponding timings are stored In a correlation/timing mem- 
ory 254. 

[0111] A timing detector 256 selects a maximum cor- 
relation value and a corresponding timing from the val- 
^0 ues stored in the correlation/timing memory 254. The 
selected timing is stored as an FFT timing candidate #1 
in a memory 256. A search range setter 257 sets a 
search range according to the FFT timing candidate in 
the memory 256 and the values in the correlation/timing 
35 memory 24. Various methods are usable for this search 
range setting. Those methods will be explained herein- 
after. Within the search range set by the search range 
setter 257, the timing detector 255 selects a maximum 
correlation value and a corresponding timing from the 
40 values in the correlationAiming memory. The selected 
timing is stored as an FFT timing candidate #2 in the 
memoiy 266. These operations are repeated to detect 
a predetermined number of FFT timing candidates. 
[0112] The scrambling code correlation detectors 
45 230. 1 -230.m are provided for respective m FFT timing 
candidates detected by the FFT timing detector 250.2. 
The configuration of each of the scrambling code corre- 
lation detectors 230.1 -230.m Is Identical with that of FIG. 
18. and It comprises a Gl remover 2015, an FFT unit 
so 2016. a detector of scrambling code received timing 
200.3 and a scrambling code identification circuit 21 0.2. 
[0113] The respective FFT timing candidates from the 
FFT timing detector 250.2 are supplied to the respective 
scrambling code correlation detectors 230.1-230.m. 
S5 Each scrambling code correlation detector 230.x carries 
out the same operations with those of FIG. 1 8. Namely, 
a Gl remover 2015 removes guard intervals (GIs) from 
the multlcan-ler signal received by the antenna 199 ac- 
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cording to the set FFT timing candidate from the FFT 
timing detector 250.2. The Gl-free multicarrier signal is 
supplied to an FFT unit 201 6, which separates the signal 
into N subcarrler components. Thereafter, operations 
carried out by a correlator 201 2, a replica of synchronic 5 
zation signal generator 2013, and an adder 207 are the 
same as those ot FIG. 16. A correlation/timing memory 
203 stores correlation values and corresponding timings 
from the adder 207. A timing detector 204 selects a max- 
imum correlation value and a corresponding timing from 
the values stored in the correlation/timing memory 203. 
The selected timing is stored as a candidate of scram- 
bling code received timing in a memory 205. Conse- 
quently, m received timing candidates of scrambling 
code are obtained by m scrambling code con-elation de- 
tector 230. 1 -230. m, respectively. 
[0114] After detecting the candidate of scrambling 
code received timing, the scrambling code Identification 
circuit 210.2 in each scrambling code correlation detec- 
tor 230.x carries out operations to obtain a scrambling 
code number and correlation value. The manner of op- 
erations is the same as that of FIG. 18. 
[01 1 5] The detecto r of scramb I ing code and received 
timing 240 selects a maximum correlation value and a 
corresponding code numberfrom the values respective- ^5 
iy output from the scrambling code identification circuits 
210.1. According to the maximum correlation value, an 
optimum received timing of scrambling code is selected 
among the received timing candidates respectively out- 
put from the scrambling code correlation detectors 30 
230.1 -230.m. The selected scrambling code number 
and scrambling code received timing are transferred to 
the demodulation circuit 300. 

[0116] Demodulation operation to the received multi- 
carrier signal carried out in the demodulation circuit 300 35 
is identical with that explained referring to FIG. 12 here- 
inbefore. 

[0117] FIG. 26 is a flowchart showing a receiving 
method for MC-CDMA transmission candied out by the 
receiver 20.6 shown in FIG. 25. Step S1 101 multiplies, 40 
at every sampling timing, a received signal before FFT 
containing all subcarriers by a delayed signal of the re- 
ceived signal by one symbol length (X sampling peri- 
ods), to provide products. Step S1102 calculates mov- 
ing averages of the products In each averaging period 45 
that starts fronri a sampling timing and is equal to Y sam- 
pling periods, to provide a sequence of correlation val- 
ues. Step S1 103 carries out coherent summation to the 
sequence of correlation values for every (X+Y) sampling 
periods and provides a sequence of correlation values 
of (X+Y) sampling periods. These operation steps are 
equivalent with those of steps 31 002 to SI 003 in FIG. 
22. 

[0118] Subsequently, steps S1104 to S1106 detect a 
plurality of FFT timing candidates according to the se- 55 
quence of correlation values for (X+Y) sampling periods 
as shown in FIG. 24. FIG. 27 shows three FFT timing 
candidates detected by the FFT timing detector 250.2 



of FIG. 25 as set forth hereinafter. A timing correspond- 
ing to a maximum correlation value in the sequence of 
correlation values for (X+Y) sampling periods is defined 
as an FFT timing candidate #1 , A window of W sampling 
periods is set around the FFT timing candidate #1 as an 
exclusion window #1 , which is excluded from a search 
range of the next FFT timing candidate for (X+Y) sann- 
pling periods to set a new search range of (X+Y-W). In 
the search range (X+Y-W), a timing corresponding to a 
maximum correlation value among the remaining corre- 
lation values is defined as an FFT timing candidate #2. 
Similarly, another window of W sampling periods is set 
around the FFT timing candidate #2 as an exclusion win- 
dow #2. This exclusion window #2 is also excluded from 
the search range, to detect a next FFT timing candidate 
#3. 

[0119] Subsequently, as shown in a flowchart of FIG. 
28, a scrambling code Identification operation by using 
the detected m FFT timing candidates is carried out. In 
FIG. 28, the number of received timing candidates of 
scrambling code to be detected is equivalent with the 
number of FFT window timing candidates. Step S1 100 
detects plural m FFT timing candidates. This step S1 1 00 
corresponds to the whole operations shown in FIG. 26. 
[01 20] At each of the detected FFT timing candidates, 
step 81 201 .1 carries out FFT to separate a received sig- 
nal into subcarrier components. Step S1 202.1 detects 
a correlation between subcarriers that carries a syn- 
chronization signal among the separated N subcarriers 
and the synchronization signal replica. For each FFT 
timing candidate, step SI 203.1 sets a timing at which a 
maximum correlation value appears as a candidate of 
scrambling code received timing. According to this can- 
didate of scrambling code received timing, step S1 204.1 
detects a correlation value between each subcan'ierand 
each scrambling code replica. Steps SI 201.1 to 
SI 205.1 are carried out for every FFT timing candidates 
detected by the FFT timing detector 250.2 
(S1200.1-S1200.m), 

[0121] According to the scrambling code correlation 
values detected at all FFT timing candidates, step 
SI 300 finds a scrambling code corresponding to a max- 
imum correlation value and the timing thereof and de- 
temnines a scrambling code that is scrambling the re- 
ceived multicarrier signal, a received timing of scram- 
bling code, and an FFT timing. Namely, step SI 300 si- 
multaneously determines the FFT timing, scrambling 
code received timing, and scrambling code. 
[0122] This method of detecting plural FFT timing 
candidates surely detects the most base station even if 
it involves a small transmission power and even if plural 
base stations in the mobile communication system in- 
volve different transmission powers. 
[01 23] There are another methods of detecting plural 
m FFT liming candidates by the FFT timing detector 
250.2 shown In FIG. 25, which are shown by flowcharts 
of FlGs. 29 and 30. In FIGs. 29, exclusion windows #1 
and #2 are separated from each other. An FFT timing 
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candidate #1 is detected at first. A window of W/2 sam- 
pling periods is set before and behind the FFT timing 1 
Namely, a window of W sampling periods is set around 
the FFT tfmtng candidate #1 , to define the exclusion win- 
dow #1 . The exclusion window #1 is excluded to define 
a new search range of (X+Y-W) sampling periods in 
which a timing corresponding to a maximum correlation 
value is detected as an FFT timing candidate #2. Siml- 
larly, an another window of W sampling periods is set 
around the FFT timing candidate #2 as the exclusion 
window #2 to set a new search range in which an FFT 
timing candidate #3 is detected. 
[0124] In FIG. 30, exclusion windows #1 and #2 over- 
lap each other. FFT timing candidates #1 and #2 are 
detected like the example of FIG. 29. A window of W 
sampling periods is setaroundthe FFT timing candidate 
#2 as the exclusion window #2 to define a new search 
range. Since the exclusion windows #1 and #2 partly 
overlap each other, the interval to be excluded in FIG 
30 is smaller than 2W sampling periods. 
[0125J FIG. 31 shows an another detection method of 
plural FFT timing candidates. This method detects three 
FFT timing candidates (m=.3). After detecting an FFT 
timing candidate #1 , a window of W sampling periods Is 
extended from the FFT timing candidate #1 up to two 
points each being AdB smallerthan the correlation value 
of the FFT timing candidate #1 . The window of W sam- 
pling periods serves as an exclusion window #1 to de- 
fine a new search range of (X+Y-W) sampling periods 
in which a maximum correlation value is detected to de- 
temilne an FFT timing candidate #2. Similarly, an anoth- 
erwindow of W sampling periods Is extended from the 
FFT timing candidate #2 up to two points each being 
AdB smallerthan the congelation value of the FFT timing 
candidate #2. The window of W sampling periods 
serves as an exclusion window #2 to define a new 
search range in which an FFT timing candidate #3 is 
detected. 

another detection methods of 
plural FFT timing candidates. This method also detects 
three FFT timing candidates (m=3). In FIG. 32, widths 
of exclusion windows change each other according to 
the Inclination of a sequence of correlation values 
around each FFT timing candidate. If the inclination is 
steep, the exclusion window Is nan-owed, and If the in- 
clination Is gentle, the exclusion window is widened 
Namely, if the peak width of an FFT timing candidate is 
narrow, a narrow exclusion window #1 is defined and if 
the peak width is wide, a wide exclusion window #2 is 
defined. 

[0127] FIG. 33 also shows another detection method 
of plural FFT timing candidates. This method continu- 
ously extends an exclusion wlndowfrom a detected FFT 
timing (a correlation peak) along a sequence of correla- 
tion values as longasthe sequence of conrelation values 
decreases. More precisely an FFT timing candidate #1 
is first detected on a sequence of con-elation values, and 
a window of W sampling periods is extended from the 



FFT timing candidate #1 along the sequence of corre- 
lation values as long as the sequence of correlation val- 
ues decreases. The extended window of W sampling 
periods serves as an exclusion window #1 to define a 
5 new search range of (X+Y-W) sampling periods In the 
search range (X+Y-W) sampling periods, a timing cor- 
responding to a maximum correlation value is detected 
as an FFT timing candidate #2. Similarly, another win- 
dow of W sampling periods is extended from the FFT 
^0 timing candidate #2 as long as the sequence of corre- 
lation values decreases. The extended window of W 
sampling periods serves as an exclusion window #2 to 
define a new search range in whteh an FFT timing can- 
didate #3 is detected. ^ 

[0128] These methods of FIGS. 32 and 33 are capable 
of properly setting the exclusion windows even if corre- 
lation peaks overiap each other or even if a peak width 
is changed due to the influence of multlpaths. 
[0129] FIG. 34 shows an another method of plural 
FFT timing candidates. This method detects two FFT 
timing candidates according to any one of the methods 
of FIGs. 27 to 33, and then, newly defines eight FFT 
timing candidates. More precisely, FFT timing candl- 
dates #1 and #2 are detected according to any one of 
the methods of FIGs. 27to 33. ±A sampling periods and 
(2A sampli ng periods are set around the FFT timing can- 
didates #1 and #2. to define new FFT timing candidates 
[0130] FIG, 35 shows an another method of plural 
FFT timing candidates. This method detects two FFT 
30 timing candidates #1 and #2 according to any one of the 
methods of FIGs. 27 to 33, and then, four additional FFT 
timing candidates are set. Each of the additional FFT 
timing candidates is defined as each correlation value 
thereof to be smaller by (dB than a corresponding one 
35 of the correlation values of the FFT timing candidates 
#1 and #2. 

[0131] These method of FIGs. 34 and 35 are capable 
of detecting a correct FFT timing even if a detected tim- 
ing IS greatly shifted from an Ideal timing due to overlap- 
« ping correlation peaks or due to the influence of noise 
and interference. 

[0132] Incidentally after determination of plural m 
FFT timing candidates by any one of the methods of 
FIGs. 29 to 35, operations for detecting a scrambling 
code number and a received timing of scrambling code 
by using the plural FFT timing candidates are carried 
out by steps SI 200 and S1300 in FIG. 28 
[01 33] Refen-ing to FIG. 36. a receiver for an MC-CD- 
MA transmission system as an ninth embodiment of the 
50 present invention will be explained. The receiver 20 7 
comprises an antenna for wireless multicarrier signal 
199 (not shown in FIG. 36 but identical with that of FIG 
10), an FFT timing detector 260.2. a detector of scram- 
blmg code received timing 200.2, a Gl remover 208, an 
."""'^ ^ ^<^^^"^bling code identification circuit 
210.1 and a demodulation circuit 300. The FFT timing 
detector 260.2 is identical with that of FIG. 25. The de- 
tector of scrambling code received timing 200 2 the Gl 
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remover 208, the FFT unit and the scrambling code 
identification circuit 210.1 are identical with those of 
FIG. 14. The demodulation circuit 300 is identical with 
that of FIG. 12. 

[0134] A multicarrier signal received by the antenna 
199 is input to the FFT timing detector 250.2. The FFT 
timing detector 250.2 detects plural m FFT timing can- 
didates from the received multicarrier signal by the 
same operations as those of FIG. 25. 
[0135] The detector of scrambling code received tim- 
ing 200.2 comprises a Gi remover 2015, an FFT unit 
2016, m synchronization signal correlation detectors 
201 0.1 -201 0.m, a timing detector 204 and memory 205 
as those of FIG. 14. This detector of scrambling code 
received timing 200.2 Inputs the receive multicarrier to 
the respective synchronization signal correlation detec- 
tors 201 0.1 -2010. m. The FFT timing detector 250.2 sets 
plural m FFT timing candidates to the synchronization 
signal correlation detectors 201 0.1 -201 Cm, respective- 
ly. 

[0136] In each synchronization signal correlation de- 
tector 2010.x, the GI remover 2015 removes guard in- 
tervals (G is) from the multicarrier signal according to the 
set FFT timing candidate from the FFT timing detector 
250.2. The Gl-free multicarrier signal Is supplied to the 
FFT unit 2016, which separates the signal into N sub- 
carrier components. Each of subcarriers carrying syn- 
chronization signal thereon is input to each of multiple 
correlators 201 2. Each of generators of synchronization 
signal replica 2013 generates a synchronization signal 
replica and Input to the con-elator 201 2. Each correlator 
2012 detects a correlation value and a corresponding 
timing of the synchronization signal and output the de- 
tected correlation value Into an adder 207. The adder 
207 adds up all of the detected correlation values from 
respective correlators 201 2 in the same synchronization 
signal correlation detector 2010.x. A correlation/timing 
memory 203 stores the sum from the adder 207 and the 
corresponding timing. 

[0137] A timing detector 204 detects a maxirhum cor- 
relation value and a corresponding timing among the 
correlation values, each of them Is stored in each cor- 
relation/timing memory 203 of the synchronization sig- 
nal correlation detectors 201 0.1 -201 0.m. The detected 
timing Is stored as a scrambling code received timing in 
a memory 206. According to the scrambling code re- 
ceived timing, a final FFT timing is calculated and also 
stored in the memory 205. 

[0138] After the detection of the scrambling code re- 
ceived timing by the detector of scrambling code re- 
ceived timing 200.2, the memory 205 provides the FFT 
timing to the GI remover 208. By the same operations 
as explained referring to FIG. 11, the GI remover 208 
removes guard Intervals .(GIs) from the received multi- 
carrier signal, an FFT unit 209 carries out FFT operation 
to the Gl-free multicarrier signal and an scrambling code 
identification circuit 210,1 identifies a scrambling code 
number In addition, a demodulation circuit 300 demod- 



ulates the received multicarrier signal into an original da- 
ta sequence by the same operations as explained refer- 
ring to FIG. 12. 

[0139] A detection method of scrambling code 
5 number and timing carried out by the receiver 20.7 is 
shown as a flowchart of FIG. 37. Firstly, step S1 1 00 de- 
tects plural m FFT timing candidates from the received 
multicarrier signal by the FFT timing detector 250.2. The 
precise operation of the FFT timing candidates detec- 
tion Is the same as that of FIG. 26. Still, any one of the 
detection methods of plural FFT timing candidates 
shown in FIGs. 27 to 35 is usable. 
[0140] Subsequently, as shown in the flowchart of 
FIG. 37. a scrahnbling code Identification operation by 
using the detected m FFT timing candidates Is carried 
out. Step S1 401.1 carries out FFT to separate a re- 
ceived signal into subcarrier components. Step S1 402.1 
detects a correlation between subcarriers that carries a 
synchronization signal among the separated N subcar- 
rier components and a synchronization signal replica. 
For each FFT timing candidate, these steps 81 401.1 
and S1402.1 are earned out (S1400.1 to S1400.m). 
[0141] Thereafter, step S1500 finds a scrambling 
code received timing corresponding to a maximum cor- 
relation value. According to the detected received timing 
of scrambling code, step 1600 detects correlation val- 
ues between respective scranibling code replicas and 
the Gl-free subcamers after FFT. Step 1 700 determines 
a scrambling code that Is scrambling the received mul- 
ticarrier signal corresponding to a maximum conelation 
value of scrambling code. In this method of FIG. 37, the 
FFT timing and the received timing of scrambling code 
are detected on step SI 500, which is before the deter- 
mination of the scrambling code itself. 
[0142] This method of detecting plural FFT timing 
candidates also surely detects the most suitable base 
station even if it involves a small transmission power and 
even if plural base stations in the mobile communication 
system involve different transmission powers. 
[0143] Hereinafter, a correlation detecting method of 
scramble code will be explained. It is assumed that the 
number of subcarriers Is N of #1 to #N. An example 
shown in FIG. 38 is a case of Navg=6, Ncs=4, and 
Nps=N/Ncs. A coherent summation of each correlation 
value of the symbol Is carried out for every subcan^Ier 
during an interval of Navg symbols along a time axis, to 
provide a coherent sum for each subcarrier. Further, a 
coherent summation of the coherent sum of each sub- 
carrier is carried out for Ncs subcarriers, to provide a 
coherent sum of every Ncs subcarriers. Subsequently, 
a power summation to Nps summed value of every Ncs 
subcarriers is carried out along a frequency axis, to pro- 
vide a correlation value of each scrambling code. 
[0144] In case that Nps=N/Ncs as this example, N 
subcarriers by Navg symbols are used to detect a cor- 
relation value of each scrambling code. 
[0145] A second example shown in FIG. 39 is a case 
of Navg=6, Ncs=4, and Nps=1. In this case, since 



15 



20 



25 



30 



35 



40 



45 



50 



17 



33 



EP 1 204 234 A2 



34 



Nps=1 , a summed value of Ncs subcarrlere represent a 
correlation value of each scrambling code, and N sub- 
earners by Navg symbols are used to detect N/Ncs cor- 
relation values of N/Ncs respective scrambling codes 
10146J A third example shown In FIG. 40 is a case of 
Nps=(N/Ncs)/4. Four correlation values of scrambling 
codes {(N/Ncs)/Nps=4) are alternately detected at every 
Ncs subcarriers interval. Nps sets of summed value cal- 
culated at every Ncs subcarriers interval are power- 
summed along a frequency axis for every scrambling 
code, to provide a con-elation value of each scrambling 

[0147] In this example, since Nps=(Nc/Ncs)/4 N sub- 
camers by Navg symbols are used to detect four corre- 
latlons values of four respective scrambling codes 
[0148] FIG. 41 Is another example of Nps=(N/Ncs)/2 
case. In this case. N subcam'ers by Navg symbols are 
used to detect two correlation values of two respective 
scrambling codes. 

[0149] As explained above, the present invention re- 
allzes high-speed, precise scrambling code synchronl- 
zatron for multlcarrler CDMA. 

[0150] Further, the present invention enables a multi- 
earner CDMA mobile communication system to select a 
symbol received timing related to an optimum cell (base 
station) from among a plurality of candidates even If the 
communication system involves a plurality of cells hav- 
ing different transmission powers. 
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A multlcarrler signal transmission method for a mo- 
bile communication system, comprising: 

transmitting, by using a plurality of subcarriers. 
a data sequence doubly multiplied by a short 
code and a long code; and 
transmitting, by using one for a plurality of sub- 
carriers, a synchronization signal multiplied on- 
ly by a spreading code for synchronization sio- 
nal. ^ 

4. A method as In claim 3, comprising: 

transmitting the synchronization signal in a 
burst mode at specific Intervals. 

5. A method as in claim 3 or 4, wherein: 

a pattern of the spreading code of synchroniza- 
tion signal applied to the synchronization signal 
indicates a received timing transmitted timing 
of long code. 

6. A method as in claim 3, wherein a timing transmitted 
timing of the synchronization signal indicates a re- 
ceived timing transmrtted timing of long code. 



7. 



Claims 



1. 



A transmitter of multlcarrler signal for a mobile com- 
munication system, comprising: 

a data channel generator multiplying a plurality 
of transmission data sequences by a plurality 
of short codes, respectively; 
a long code multiplier multiplying the plurality 
of transmission data sequences multiplied by 
the plurality of the short codes by a common 
long code, respectively; 
a synchronization signal generator multiplying 
a transmission data sequence for synchroniza- 
tion signal only by a spreading code for syn- 
chronization signal; and 
a transmission element transmitting, by using 
a plurality of subcarriers. the transmission data 
sequences doubly multiplied by the short code 
and the long code, and transmitting the syn- 
chronization signal multiplied only by the 
spreading code for synchronization signal. 

A transmitter as in claim 1 . wherein the synchroni- 
zation signal generator multiplies the synchroniza- 
tion signal by the spreading code for synchronize- 
tion signal at plural timings In a predetermined in- 
terval. 
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9. 



A method as in claim 3, wherein a timing transmitted 
timing of the synchronization signal and the subcar- 
ner in which the synchronization signal is transmit- 
ted Indicate a received timing transmitted timing of 
long code, 

. A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receiving the multican-ier 
signal containing the subcam'era ,at least one 
of which a synchronization signal Is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a correlator detecting correlation values be- 
tween the received multicamer signal and a 
synchronization signal replica; and 
a timing detector detecting an FFT timing and 
a received timing of long code according to the 
correlation values. 

A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers. a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receiving the multlcarrler 
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signal containing tiie subcarriers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a first correlator detecting correlation values 5 
between the received multicarrier signal and 
synchronization signal replicas; 
a timing detector detecting an FFT timing and 
a received timing of long code according to the 
correlation values; to 
an FFT unit carrying out FFT at the detected 
FFT timing, to separate the received multicar- 
rier signal a plurality of subcarrier components; 
a second correlator detecting, at the detected 
received timing of long code, correlation values is 
between the subcarrier components and a plu- 
rality of replicas of data sequence doubly mul- 
tiplied by a short code and each long code cho- 
sen from a long code group; 
a code detector detecting, according to the de- 20 
tected correlation values, a long code that is 
scrambling the received multicarrier signal; and 
a demodulation circuit demodulating the data 
sequence from the received multicarrier signal 
by using the received timing of long code and 
the long code. 

10. A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarhers, a data sequence doubly 30 
rtiultiplied by a short code and a long code chosen 
from a long code group, comprising: 



12. 



a receiving element receiving the multicarrier 
signal containing the subcarriers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a subcarrier separator canrying out FFT opera- 
tions at a plurality of FFT timing candidates to 
separate the received multicarrier signal into a 
plurality of subcarrier components; 
a correlator detecting correlation values be- 
tween the subcamer components that carry the 
synchronization signal and a synchronization 
signal replica; and 

a timing detector detecting a received timing of 
long code and an FFT timing according to the 
correlation values. 

11. A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 13. 
from a long code group, comprising: 

a receiving element receiving the multicarrier 
signal containing the subcarriers, at least one 
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of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a subcarrier separator carrying out FFT opera- 
tions at a plurality of FFT timing candidates to 
separate the received multicarrier signal into a 
plurality of subcan'ier components; 
a first con'elator detecting correlation values 
between the subcarrier components that carry 
the synchronization signal and a synchroniza- 
tion signal replica; 

a timing detector detecting a received timing of 
long code and an FFT timing according to the 
correlation values; 

an FFT unit carrying out FFT operation at the 
detected FFT timing to separate the received 
multicarrier signail into a plurality of subcarrier 
components; 

a second correlator detecting, at the detected 
received timing of long code, correlation values 
between the subcarrier components and a plu- 
rality of replicas of data sequence doubly mul- 
tiplied by a short code and each code chosen 
from a long code group; 
a code detector detecting, according to the de- 
tected con-elation values, a long code that is 
scrambling the received multicarrier signal; and 
a demodulation circuit demodulating the data 
sequence from the received multicarrier signal 
by using the received timing of long code and 
the long code, 

A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receivinig the multicarrier 
signal containing the subcarriers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a subcarrier separator separating the received 
multicarrier signal Into a plurality of subcarrier 
components; 

a correlator detecting correlation values be- 
tween the subcarrier components that carry the 
synchronization signal and a synchronization 

signal replica; and 

a timing detector detecting a received timing of 
long code according to the correlation values. 

A receiver of multicam'er signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 
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a receiving element receiving the multicarrier 
signal containing the subcanlers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 5 
a subcarrier separator separating the received 
multicarrier signal Into a plurality of subcarrier 
components; 

a first correlator detecting correlation values 
between the subcarrier components that carry 10 
the synchronization signal and a synchroniza- 
tion signal replica; and 

a timing detector detecting a received timing of 
long code according to the correlation values; 
a second correlator detecting, at the detected 15 1 
received timing of long code, correlation values 
between the subcarrier components and a plu- 
rality of replicas of data sequence doubly mul- 
tiplied by a short code and each code chosen 
from a long code group; 20 
a code detector detecting, according to the de- 
tected correlation values, a long code that is 
scrambling the received multlcamer signal; and 
a demodulation circuit demodulating a data se- 
quence from the received multicarrier signal by 
using the received timing of long code and the 
long code. 



14. A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 3o 
a plurality of subcarrlers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receiving the multicarrier 3S 
signal containing the subcarrlers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a subcarrier separator carrying out FFT opera- 40 is 
tions at a plurality of FFT timing candidates to 
separate the received multicarrier signal into 
plural groups each of which contains a plurality 
of subcarrier components; 

a first correlator detecting correlation values 43 
between the subcarrier components that carry 
the synchronization signal and a synchroniza- 
tion signal replica for each groups of subcarrl- 
ers; 

a timing detector detecting a plurality of candi- 5o 
dates of long code received timing according to 
the correlation values detected by the first cor- 
relator; 

a second correlator detecting, at each of the de- 
tected candidates of long code received timing, 55 
con-elation values between the subcarrier com- 
ponents and a plurality of replicas of data se- 
quence doubly multiplied by a short code and 



each code chosen from a long code group; 
a code candidate detector detecting, according 
to the correlation values detected by the sec- 
ond correlator, a plurality of candidates of long 
code for scrambling a multicarrier signal; 
a timing and code detector detecting a received 
timing of long code among the received timing 
candidates and detecting a long code among 
the candidates of long code; and 
a demodulation circuit demodulating the data 
sequence from the received multicarrier signal 
by using the received timing of long code and 
the long code. 

5. A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receiving the multlcamer 
signal containing the subcarrlers, at least one 
of which a synchronization signal Is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal;, 
an FFT timing detector detecting an FFT timing 
according to a correlation characteristic of a 
guard interval contained in the received multi- 
carrier signal; 

a subcarrier separator canying out FFT at the 
FFT timing to separate the received multicarrier 
signal into a plurality of subcarrier components; 
a correlator detecting correlation values be- 
tween subcaniers that carry a synchronization 
signal among the separated subcarriers and a 
synchronization signal replica; and 
a timing detector detecting a received timing of 
long code according to the correlation values. 

A receiver of multicamer signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receiving the multican-ler 
signal containing the subcarriers, at least one 
of which a synchronization signal Is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

an FFT timing detector detecting a correlation 
for a guard Interval of the received multicarrier 
signal, to detect an FFT timing; 
a subcarrier separator carrying out FFT at the 
FFT timing to separate the received multicarrier 
signal into aplurality of subcarrier components; 
a first correlator detecting correlation values 
between subcarriers that carry a synchronlza- 
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19. A method as in claim 18, wherein the separation 
step carries out FFT at a plurality of FFT timing can- 
didates; the correlation detection step detects the 
correlation values for each FFT timing candidates; 
5 and the timing detection step detects an FFT timing 
and the received timing of long code according to 
the correlation values. 



tion signal among the separated subcarrlers 
and a synchronization signal replica; 
a timing detector detecting a received timing of 
long code according to the correlation values; 
a second correlator detecting, at the detected 
received timing of long code, correlation values 
between the subcarrier components and a plu- 
rality of replicas of data sequence doubly mul- 
tiplied by a short code and each code chosen 
from a long code group; 
a code detector detecting, according to the de- 
tected correlation values, a long code that is 
scrambling the received multicarrier signal; and 
a demodulation circuit demodulating the data 
sequence from the received multicarrier signal 
by using the received timing of long code and 
the long code. 

17. A multicarrier signal receiving method for a mobile 
communication system, the system transmits, by 
using a plurality of subcarrlers, a data sequence 
doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: 

a receiving step of receiving the multicarrier 
signal containing the subcarrlers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a correlation detection step of detecting corre- 
lation values between the received multicarrier 
signal and synchronization signal replicas; and 
a timing detection step of detecting an FFT tim- 
ing and a received timing of long code accord- 
ing to the correlation values. 

18. A multicarrier signal receiving method for a mobile 
communication system, the system transmits, by 
using a plurality of subcarrlers, a data sequence 
doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: 

a receiving step of receiving the multicarrier 
signal containing the subcarriers, at least one 
of which a synchronization signal Is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; 

a separation step of separating the received 
multicarrier signal into a plurality of subcarrier 
components; 

a con-elation detection step of detecting con-e- 
lation values between the subcarrier compo- 
nents that carry the synchronization signal and 
a synchronization signal replica; and 
a timing detection step of detecting a received 
timing of long code according to the correlation 
values. 



20, A method as in claim 17 or 19, further comprising: 

a separation step of carrying out FFT at the de- 
tected FFT timing, to separate the received 
multicarrier signal into a plurality of subcarrier 
components; 

IS another correlation detection step of detecting, 

at the detected received timing of long code, 
correlation values between the subcarrier com- 
ponents and a plurality of replicas of data se- 
quence doubly multiplied by a short code and 

-20 each code chosen from a long code group; and 

a code detection step of detecting, according 
to the detected correlation values, a long code 
that is scrambling the received multicarrier sig- 
nal. 

25 

21 . A multicarrier signal receiving method for a mobile 
communication system, the system transmits, by 
using a plurality of subcam'ers, a data sequence 
doubly multiplied by a short code and a long code 

30 chosen from a long code group, comprising: 

a receiving step of receiving the multicarrier 
signal containing the subcarriers, at least one 
of which a synchronization signal Is transmitted 
35 therein, multiplied only by a spreading code for 

synchronization signal; 

a separation step of carrying out FFT on the re- 
ceived multicarrier signal at a plurality of FFT 
timing candidates, to separate the received 
40 multicarrier signal Into a plurality of subcarrier 

components for each FFT timing candidate; 
a first correlation detection step of detecting 
correlation values between the subcam'er com- 
ponents that carry the synchronization signal 
45 and a synchronization signal replica; 

a timing detection step of detecting a received 
timing of long code according to the correlation 
values; 

a second correlation detection step of detect- 
so ing, at the detected received timing of long 

code, correlation values between the subcarri- 
er components and a plurality of replicas of data 
sequence doubly multiplied by a short code and 
each code chosen from a long code group; and 
55 a timing and code detection step of detecting 

an FFT timing, a received timing of long code, 
and the long code that is scrambling the re- 
ceived multicarrier signal according to the de- 
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tected correlation values for each of the FFT 
timing candidates In the second correlation de- 
tection step. 

22. A multicarrier signal receiving method for a mobile 
communication system, the system transmits, by 
using a plurality of subcarrlers, a data sequence 
doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: 

an FFT timing detection step of detecting an 
FFT timing according to a correlation charac- 
teristic of a guard interval contained in the re- 
ceived multicarrier signal; 
a separation step of carrying out FFT at the de- 
tected FFT timing, to separate the received 
multicarrier signal Into a plurality of subcarrier 
components; 

a correlation detection step of detecting corre- 
lation values between subcarriers that carry a 
synchronization signal among the separated 
subcarriers and a synchronization signal repli- 
ca; and 

a timing detection step of detecting a received 
timing of long code according to the correlation 
values. 

23. A method as In claim 22, further comprising: 

another correlation detection step of detecting, 
at the detected received timing of long codei 
correlation values between the subcarrier com- 
ponents and the data sequence doubly multi- 
plied by the short code and the long code cho- 
sen from the long code group; and 
a code detection step of detecting, according 
to the detected correlation values, a long code 
that is scrambling the received multicarrier siq- 
nal. 
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24. A receiver of multicarrier signal for a mobile com- 
munication system, the system transmits, by using 
a plurality of subcarriers, a data sequence doubly 
multiplied by a short code and a long code chosen 
from a long code group, comprising: 

a receiving element receiving the multicarrier 
signal containing the subcarriers, at least one 
of which a synchronization signal is transmitted 
therein, multiplied only by a spreading code for 
synchronization signal; and 
an FFT timing detector detecting a plurality of 
FFT timing candidates according to a correla- 
tion characteristic of a guard interval contained 
In the received multicarrier signal; wherein 
the FFT timing detector comprises: 

a multiplier multiplying the received multi- 
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carrier signal by a delayed signal by one 
symbol length of the received multicarrier 
signal, to provide a product; 
an integrator integrating the product over 
one guard interval at every guard interval, 
to provide a plurality of con-elation values; 
a first memory storing the correlation val- 
ues and corresponding timings thereto; 
a second memory storing a plurality of FFT 
timing candidates consecutively given; 
a search range setter setting search rang- 
es for respective FFT timing candidates ac- 
cording to the correlation values in the first 
memory and the FFT timing candidates in 
the second memory; and 
a timing detector firstly selecting a maxi- 
mum correlation value and a correspond- 
ing timing from the values In the first mem- 
ory as an FFT timing candidate #1 and stor- 
ing the FFT timing candidate #1 in the sec- 
ond memory, subsequently making the 
search rang setter set a new search range 
according to the values stored in the first 
memory and the FFT timing candidate pre- 
viously stored in the second memory, se- 
lecting a maximum correlation value and a 
corresponding timing from the values with- 
in the search range previously set as an 
FFT timing candidate #2 and storing the 
FFT timing candidate #2 in the second 
memory, and repeating the same opera- 
tions of setting a new search range and se- 
lecting an FFT timing candidate of next 
number until detecting a predetermined 
number of FFT timing candidates. 

A receiver as in claim 24, further comprising: 

a plurality of FFT units, each of which carries 
out FFT operations to the received multicarrier 
signal at each of detected plural FFT timing 
candidates to separate the received multlcan-i- 
er signal into a plurality of subcarrier compo- 
nents; 

a plurality of first correlators, each of which de- 
tects correlation values between the subcarrier 
components that carry the synchronization sig- 
nal and a synchronization signal replica for 
each groups of subcarriers; 
aplurallty of timing detectors, each of which de- 
tects a plurality of received timing candidates 
of long code; 

a plurality of second correlators, each of which 
detects, at each received timing candidate of 
long code, correlation values between the sub- 
carrier components and a plurality of replicas 
of data sequence doubly multiplied by a short 
code and each code chosen from a long code 
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group; 

a plurality of code candidate detectors, each of 
which detects, according to the detected corre- 
lation values, a plurality of candidates of long 
code for scrambling a nnulticarrier signal; 
a timing and code detector detecting a received 
timing of long code among the received timing 
candidates and detecting a long code among 
the candidates of long code; and 
a demodulation circuit demodulating the data 
sequence from the received multicarrier signal 
by using the received timing of long code and 
the long code, 

26. A receiver as In claim 24, further comprising: 

a plurality of first FFT units, each of which car- 
ries out FFT operations to the received multi- 
carrier signal at each of detected plural FFT tim- 
ing candidates to separate the received multi- 
carrier signal into a plurality of subcarrier com- 
ponents; 

a plurality of first correlators, each of which de- 
tects correlation values between the subcarrier 
components that carry the synchronization sig- 
nal and a synchronization signal replica for 
each group of subcarriers; 
a timing detector detecting a received timing of 
long code and an FFT timing according to the 
. correlation values; 
a second FFT unit carrying out FFT operation 
at the detected FFT timing to the received mul- 
ticarrier signal to separate a plurality of subcar- 
riers; 

" a second correlator detecting, at the received 
timing of long code, correlation values between 
the subcarrier components and a replica of data 
sequence doubly multiplied by a short code and 
each code chosen from a long code group; 
a code detector detecting, according to the de- 
tected correlation values, a long code for 
scrambling a multicarrier signal; and 
a demodulation circuit demodulating the data 
sequence from the received mutttcarner signal 
by using the received timing of long code and 
the long code. 

27. A multicarrier signal receiving method for a mobile 
communication system, the system transmits, by 
using a plurality of subcarriers, a data sequence 
doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: 

an FFT timing detection step of detecting a plu- 
rality of FFT timing candidates according to a 
correlation characteristic of a guard interval 
contained in a received multicarrier signal. 



28. A method as in claim 27, wherein the FFT timing 
detection step comprising: 

a multiplication step of multiplying the received 
5 multicarrier signal by a delayed signal by one 

symbol length of the received multicarrier sig- 
nal, to provide products; 
a integrating step of integrating the products 
over the period that is equal to a guard interval, 
10 to provide correlation value sequences ; 

a averaged correlation value step of accumu- 
lating coherently the correlation value sequenc- 
es during each insertion period of guard inter- 
val, to provide averaged correlation value av- 
is e raged correlation value sequence averaged 

correlation value sequence, which having a 
time length equivalent to the insertion period of 
guard Interval; and 

an FFT timing detection step of detecting the 
20 plural FFT timing candidates according to the 

averaged congelation value averaged correla- 
tion value sequence. 

29. A method as in claim 28, wherein the FFT timing 
25 detection step comprising: 

a step of detecting a timing corresponding to a 
maximum averaged correlation value in the se- 
quence of the averaged correlation values as a 

so first FFT timing candidate; and 

a step of setting predetemiined W sampling pe- 
riods around the first FFT timing candidate as 
an exclusion window, detecting, as a next FFT 
timing candidate, a timing con-esponding to a 

35 maximum averaged correlation value in the se- 

quence of averaged correlation values exclud- 
ing the exclusion window, and repeating the 
setting of an exclusion window and the detect- 
ing of a next FFT timing candidate, to provide 

40 a predetemiined number of FFT timing candi- 

dates. 

30. A method as in claim 29, wherein: 

45 each exclusion window is set by predetermined' 

W/2 sampling periods before and behind a pre- 
viously detected FFT timing candidate. 

31 . A method as in claim 29, wherein a size and position 
50 of each exclusion window are set according to an 

inclination of the sequence of averaged correlation 
values around a previously detected FFT timing 

candidate. 

55 32. Anriethod as in claim 29, wherein a size and position 
of each exclusion window are set according to the 
averaged correlation value corresponding to a pre- 
viously detected FFT timing candidate. 



23 



46 



EP1 204 234 A2 



46 



33. A method as in one of claims 28 to 32. further com- 
prising: 

a step of setting additional FFT timing candi- 
dates before and behind each of the deter- 5 36 
mined FFT timing candidates. 

34. A method as In one of claims 28 to 33. further com- 
prising: 

10 

a step of canying out FFT at a plurality of the 
detected FFT timing candidates, to separate 
the received multicarrier signal into a plurality 
of subcarrier components; 

a step of detecting correlation values between is 
subcarriers that carry a synchronization signal 
among the separated subcan-iers and a syn- 
chronization signal replica; 
a step of detecting one or a plurality of received 
timing candidates of the long code according to 20 
the detected correlation values: 
a step of detecting, at respective timings of the 
detected received timing candidates of the long 
code, correlation values between the subcarri- 
er components and a plurality of replicas of data 
sequence doubly multiplied by a long code cho- 
sen from a long code group and a short code; 
and 

a step of detecting an FFT timing, a received 
timing of long code, and a long code that is 30 
scrambling the received multicarrier signal ac- 
cording to the detected correlation values. 

35. A multicarrier signal receiving method for a mobile 
communication system, the system transmits, by 3S 
using a plurality of subcarriers, a data sequence 
doubly multiplied by a short code and a long code 
chosen from a long code group, comprising: 

detecting correlation values between the sub- 40 
carrier components separated from a received 
multicarrier signal and a plurality of replicas of 
data sequence doubly multiplied by a long code 
chosen from a long code group and a short 
code, by: 45 

Integrating the product coherently over 
Navg symbols along a time axis for each 
subcarrier, where Navg is an integer equal 
to or larger than 1; 50 
accumulating coherently the integrated 
value of each subcan-ler for Ncs consecu- 
tive subcanlers along a frequency axis, 
where Ncs is an Integer satisfying 
1<=rNcs<=N, and N is the number of the 55 
subcarriers; and 

detecting averaged correlation values by 
averaging Nps accumulated value of every 



Ncs subcarriers by squared form along the 
frequency axis, wherein Nps Is an Integer 
satisfying 1 <=Nps<=:Nc/Ncs. 

A method as in claim 35, wherein If Nps<(N/Ncs), 
alternately detecting correlation values of (N/Ncs)/ 
Nps long codes at the Intervals of Ncs subcarriers 
along the frequency axis. 
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